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LEPTIN INE'LlCEEt GENES 

BackqrC'und of the InventiC'n 
The ot- gene p-rc'duct, leptin, is an impc'rtant 
circulating regulatC'r c-f bc-dy weight. Leptin binds to and 
activates the lc>ng- fiiin 'if C'bF:, tne lep>tin rec:epti'r 



; a q : 



. (1 



1. 



- / i. ) 



it in is 



inougnt ti:* mo<-;li<laie ;iiiiy v;ei:iht by mfiuencinir aptietite and 
ether factors. C'liiuii unds I'lhei^ t.nan leptin, c- . g . , 
neuropeptide "f, meian loi^rt ins , dAFT, and c^rexins are aisi 
thought ti pl'-iy a rile in mi'dulation if rii^dy weignt by 
inrluencmg facrc'rs suon as ippietite and satiety, fat 
c 1' r q e , a n d > n e r- o 'v^ : i ti u t . 



y iepiin. Tvci i^ f iiese genei , LIG^-: am; LIG;:t, are novei 
cnei. Eiur i; f tne >anes nave jieen prev i c-usl;^' identifieo. 
oe previ'^iasiy laonoifiid genes aie: Taz.p, i^ni^iding a T 
c L 1 - spec I f 1 c GTP-tiiniling s^riit e in ; L?.G- 4 7 , encod i.ng an 

t ] .e SI X 1 e p r i n - i r. o. u c i cu s- ^ e n e s if t h i- : v a- r; 1 1 j r. :i c 
1- prc^Lc-iriS thioy eniiiie reou'esent t<argets for me 
mempnem of t hcirac-e-jr i c agents for use in inid-.. iat i ng ciody 
-■aru. For example, agerios that alier the exp>ression or 
:^ : ^m^:- c^r iruie uf iii-^ lept m-r nri:..iced proteins c:an 

; ' ^-.t.. a t l":m..iy omq:"q.. . ;ond': aoents i:an be 



monitijr the exp'ression or activity of one or more of the six 



.1 therapeutic 

.se of assays 

.e of the leptin- 



lef)t ir.-induce-:! proteins . P-jtential ly usef i 
agents can aisc be identified throuoh :h^: 
designed to i-iientify agents that bind zo 
:nouced prc-tei.ns. Tne 1 ept i n- indmi^ed genes Z'f :ne invention 
anct the firc'tems they encc'de may tneniselves ije useful 
t herap'eut ii::a 1, ly and diag^nc'St. lea 1 ly . 



LIi; 4 6 

Tne mu^rine LIG4e cDKA describeo oel'Sv; (SEQ ID M0:1) 
n.j£ a 1191 n a^:: 1 e b:ie C'^oen c'eaiiin-if f r'a:ne ( nu'i- i e :u i de s :■ - 

c^f SEQ ID N'Jil; ,?E0 I Mlu 1 ) v/nicn eni'SMles a 1 =' 7 ammo 
■^-la prc^tem ulE'j Ij Ml: 1 ) . Tnis i:uu'tei:\ in-:'iu:ies a 
fU'^'Gictec si'imal sequeni'e ot atU'Ut 11 "nmir.j iici :is ( [ r^jm 
-U^nnc ac"ld 1 :.c bXvz^jz amine- a-:U':i :1 ^u lEO In Ml:l) a.n:; a 
predic:teo inar.jie cu-'M-ein cu a;:U'.-<c 111 ^iX[i.':\z ac:! :is (fr^jm 
^n:■)Gut. airun:; aimc; 11 t C; amin^j a::ia 1^-1 jf lEn ID 111:1; SEl' ID 
ll:^;. Ine 'E'xri' ace 1 1 u hi. r c^jiTiair.. of 1IG41 ex:.en:;s fr'om a;:'0-Jt 

crediccec '.: i .3:.ns]T'embra.ns- dciT.am A'nicn exter 2s trim anC'Ut 
:i:z.^:o:- a:.nd 311 ' exc rs ce H u hai' enu) zo ajjc^u: hnl 
: :,nt racel lular ena) of ;lEn [d Klu z . The c-yC'i'isl asmic ;:;:-maLn 
1IG4 6 extends fr-om at-ju:: amino as'id 111 zo a;:''jut ammo 



l::e numan '111141 iTXA ooszritoi telcv (SEl' ID Ko: ) 

......no pioceix (SEQ II :ti : ___g . I'his i:n-telr. Iriclcdes a 

^-z. ^njual sequen'::e C'f s.;j':ut 1^ amin.. aci::.i (fri:mi 

.no 1 zz ^ibout ammo a::ia 1.2 of SEQ ID Nlu ) and a 

■o.\ nature protem lU about 115 amino acids (from 
z\\z::. ■.;Oid 33 t(? ammo acio 117 ol SEo^ ID NO: ; SEO 



ID NO: ) . 

LIG4 6 pirc'tein has some sequence similarity t-:- a 
number of galact -osy It rans f erases . Galactosylt ran sfe rases 
have been mif)! ic-a t ed in clevel'jpment al prc-cesses. In 
addioi jn, ga.l act C'Sy It rans f ei'ases may play a role in cell-to- 
cell sicnalinq c^y modifyinq the carhic^hydrate repert'^ire c^n 
cell sjrfa::e re'Z'ep't ':jrs co activate, inhiiCiit or C'therwise 
rnodity i e . 3 . , ;:iy al^-.ei-ino recef't'jr affinity for a ligand) 
receptDr a::i.ivi"cy. Thus, L1G46 may T'lay a role t-ody weloht 
regula: ion by mfluencino t'e 1 1 -t 'j-cel 1 sionallnq- meoiaoe'ii ley 
molecules inv<:dveo in b«joy weioht r-eoulat icc. , e . c' . , leptin. 

Tne LI-j4*: t'c4 ypiepit i cie sequence c-f SE'j I N'l: 2 
mcluaes pozer.zial il-clys-jsylat i'l-n sites at aminc^ ac^ids 10- 
13, "9-81, ^9-92, 1^7-17:, ano 2 1 9-2 22 ; rc-tenoial prsu:ein 
-no r y h,; : IC'T. iires 3Z amine a zios 24-1 5, 222- 

anci : 7 7 - 1 7 9 ; p jZ er.z i .^.l ca~ein kin^^se 
:es a: aiTinn-' 3':'r:is :l-74, 14-97, 12:- 



icii ami Go ti 'in sit* 

c acid m:il';'CU-es ^ 
1 Colly act i ve per -' 
c '.eci. les s _.c t..;b ie 



1 : 



a : ami ni' 3 i os : - , 

a invent Lin cri-vioes isilatea 
iciMiinq- LIo42 ^- rote ins !■ r 
.I'ns mere if, as well as n'^cleic 
"1^1 II:-;:- E pcinieri i^r nyOr- 1 a i zat 1 cm: 



I : 



T n e 1 it V e n t l : n f rm. n i- r s^ r : tm de 1 n l c 1 1: i v 
;:S tnat an ..it least 42 ^ [or Iti, 2: t , 

iaentic:al t'l one nuideitidc sequent:-- sht-wn m 3EQ ID 
: 9h'y llj Wj:'}-, cm a ictnplement thereim. 

1 n ^- 1 n V e r 1 1 1. o r"i v r c) v ides a n u 1 1 e 1 c a 1 1 ci mzL^d c \i 1 e w n 1 c n 



includes a fragment of at least 300 (325, 350, 375, 400, 
42:5, 4^ 0, 500, 550, 600, 650, 700, 800, 000, 1000, 1200, 
1300, or 140iJ) nuclec't ides of the nuclec'tide sequence shown 
m SEQ ID N0):1, or SEQ ID N0j:3, 'i-r a complement thereof. 

The invent i'On alsC' features a nucleic acici m'::Iecule 
which includes a nuclecitide sequence encc'dinq a protein 
having an aminC' acid sequence that is at least 45t (or 551, 
65^^, : -^^ , "5t, 95-i, or OOi identical to the amino acid 
sequence C'f SEC ID NO) : 2 or SEIQ id NO: 4. 

In a preferred emi: 'Oiimen t , a LIG46 nucleic: acid 
:co^ecjle r.. 3. ~ tnc: nurie:'tioe sequence snc'wn 22Q IE' NC':i c-r 



KO • 



I u c I o. i c azi a rx^o I e c u 1 e 



: wit cm tne invention is 
es a fragment ■: f 3 cod yp-ecir i ae n^vinq the andnc) 
:e ot SEo ID Die 2 or OEfO ID IvO':4, tne fr-atnTient 
1 iea.Et 1: ;2:, o}, :0, 100, ItO, 300 , r 300) 

NOu 2 r r SE'O ID KO: 4 . 
Ov^tdei r 3c.:.c rrode:_Is- wn. icn 
.acui:all'y- lui' r i nq alieli:: vartiant 'if a 



ammc! acici oi - i^Ot 
invention m iluvies 



. y p e p 1 1 a o z oinp r i c i ii 
: ^ ■:;r 3E0^ ] 



eCvO-O Ol z>rOJ 1 J 



KO: 1 



: re ami n i a c i 
I D KO : 4 , wnei e i n t n-i 
to a nuclei? a till mc locale C'lmp^r i t mo 

: 3 jnder stringent tc-nait ic-ns - 
: withm the inventiin are: 5n istlatec; 2104 6 
iric ar; airiint: arid setr^ence tnat is at lea^.t abc>ul 
--.^2/ '-O. , Ot.., tt^ , t^ r t :^ - identit.al r..t tne uri'iro 

t :; 3:00 12 20:4 nna-otre iriurme i.O-;40: ^.; r- tne 
teqtttnce tf SEC' 10) !40:2 fimmatnre ni'jrme 2004 6;; 

arte em naving an aiTLin:j ticid 5eq_.ence 



'iX e .-L '^.7 tr ' 



^ , or 9 o 1 d e n 1 1 



a 



^ ... io-ic navmq nomt^ioqv tt a Qa i act osvi t reins t'-ras( 



- 4 - 



(e.g., amino acids 192-353, 142-184, 201-296, 289-347, 140- 
133, 3o7-391, 177-265, 299-343, or 140-184 of SEQ ID N0:2) 
or a neurc'gonio secreted signalling protein (e.g., amino 
acids ^ 00-291, 270-354, 14 4-183, 330- 394 , -jr 2 1 1-248 of SEQ 

ID NCc 1 ) , 

Aisz' witnin tne inventic-n are: an iscdated LIG46 
protein wniih is enc^jcie^i by a nuclei c acid laidecule having a 
naclecciae sequence triat: is at least at-jut 6^^, preferably 
''5:, CO-, ^'i- 95s i lis-n ■: ica 1 tj SE-j IE' NO':?; and an isidated 
LIG46 prot^E'in wni'il^i is enc'ided Isy a nucleis: a-iici mcdecale 
having a n..cleotioe sequence which hyDridizes uncier 
srringent. r..ybridi za t i : n C'jndit i -zns t ■:■ a nucleic acid 
:u0..e.;;u.^e n.::ving t:ie n^clec'tide sequence of zne cimi:d.ement c>f 



■r 



z „;-o L''/ a n^i..*;! 

nuc lei:: a-:: i u.o 1 e lu 1 ^-j 
J ID \0: 1 2EQ I D \0: 3 



r- - T T i-A 



: ID 

a sid 



v^ni^C'C is 5: ii'L 1 y c eC' t i OS- 'zn i ch is 
^nv::^.^aes t:',e ammi' ■a:;id sequen(: 

Acotner eiii;: : ziir.ent ci me in iiwi: 
c.cio mo Dei-... 1 1: s wnii:n sp-eci l i ■:• 5i 1 ly 

■c:cc;oinj ^jtner gai t ■!! y 1 : rans f e r a s^? s . D^j -m.^^miiie, i:\ on- 
-oo;j:")C-. imont , ^ LI2;4-:= nui:ler:: aiMd mcdecul-E: nysuu.dizes under 
strir:Genr condizion,: zo nucleii aoi:l m'jl-:cule zomprising 
'■r^r !:Ln.voot:ide sequonze of SEQ ID N0:1, DE'J ID NO- : 3 , o^r a 



r 1 4 c 



ro 1 , bit ci'je 3 no L 



oz unreiateo. 



e r ci s i 



In a no u her embzdiment, tfie 



nur-leic acid molecule is at least 300 (325, 350, 375, 400, 
425, 4 ::0, 500, 550, 600, 650, 700, 800, 900, 1000, or 1200) 
nu I'iec':: LOOS in length 3nd hybridizes under stringent 
cc'nditions z-j a nucleio aci-:i mc'lecule comp-rising the 
nutle'tt ide sequence sht-wn in 3E'2 II) N0':1, SEQ 12 1x0:3, or a 
cc'iTip lenient t.herec-f . 

Ano'tner asp-ect C'f the invent ic'n pr-jvides a vector, 
e.g., a rec'jnioi nant exp'ression vectt^r, coniprising a L1G46 
nutleic: atiti molecule -tf the inventi'jn. In an^jther 
eiTiOio:^ iiTient :.ne invention r-rt'vides a hC'St cell ccrit ainin':; 



vei'Cjr . I'ne invention als-j iM-t-vi 'des a metn 
no 2 1 'MO c-O'ttei:; ;jy ::cltur.in^, in 3 suitai:>i 
jell .tt tne inv-:-nt ojO cc^nt .;xining 3. r^ec-jin;:' 1 n 



for 
■ medium, 
I r. t 



-rStcn v-tttiji iu.:h that a 2^1240 pirc'tem is p'rc-iluced . 

An::tr.er asp^ecc f tnis invent r^n pcc'vides isC'latea 
c;o:aoin:dnt LI24 0 rnniceins ana pc 1 yp>ep) t ides . 2ref erred 

proteins ans; ]:>■:■! ys»e;:>t n::es ro'ssess at l^tast -tne 
•g i ta ■ act i vi t y iiC'.-: se s-sec ;:>y n ^ t a r a i 1 y-occo r^r ing Lh246 
r tn-r .^tni. ity t i ■■ott as a era 1 3 it t s y i : ra n.:f 2e r i s e ) .-xnd 

One 1124c prcoems ti tne p'resent invent itn, oi 



Di Cvlitgica 11 y active ijo^z i r-ns tner et'f , 



atei'a t i ve 1 v 



inked tc a non-LP24 0 r-ol ypep't i ae (e.g., neteiO'lc-gt.us amino 
CLd sequences) tc* f iim LIG4t iusi-tn p-rO'teins. The 

Mienti;;n tirtner tettjres sntit'toiet tnt:t sp^ec i f i ta 1 1;^- itmd 



i::n a s nit)n 
21 '2- 2 no 



^ ctt ^ 1 ci p>'- I y c 1 'JUa. 1 an ti 
i:ts : i so cIvjc ica 1 i y aiti 
est j.;:n bo J nC'ir pc' r 3 : a a :ntc^ or.a r mace 1 1 
wni cn :r^t iCiual 1 y tn a 1 ace pha rmaceut x ::a 1 



1 , , 



cier aspect, the p'resenc invention p-ri'Vide: 




meth'i'd for detecting the f>resence of LIG4 6 activity or 
expressi'On in a hic'lc^gical sample by contacting the 
bic'logical sample with an agent capable of detecting an 
incii-atC'r c-f LIG4^? activity such that the presence C'f LIG46 
acrivity ic deter-ted in the bicd-jgical sample. 

In another aspect, the invention pr^i'Vides a method 
for mod i at ing L1G4k> activir\' c^jmpr ising cc-ntacting a cell 
v;ith an agent that rti't'lulates (inhibits or stimulates) L1G46 
activity or exp^ressi-jn such that LIG4 6 activity c-r 

iU exp-ress^tn in the ooli is mt-dulated. In one emk^t-iiiment , rhe 
agen: is an antiiDc^dy chat st'ocifically binos to hIG4o 
prfttein. In ant'tner emo-tdiment, the agent nit'tlul a tes 
expression of 'LloAo Ity mtxlulfiting t. I'ans-i: r ito i t'X of a LIG:46 
oene, s}jlii:'Lng tt .^i LIG4t mr:KA, 'tr t.i'ans Lat i t-n of a LIG4o 

. ::.:\yA. [:\ y'o: 5:tj^:ner emit jd i meet , tn*:- agent i a ntoleic 

o::id it:o.': O'to le h^.viitg a n"^t:lettiae se^quent^e rh^t is cnt.rs-^nse 
to to-- t:ooio:: ^rr'.i^oti tf the LIG46 m?:MA tr ttc LIG46 gene. 

In tne emt : o iiT.ent , tne methcos ot tne P'resent 
inventiijn are o.soo oo treao a suitject having a. dist>roior 
or:ar aot-ri tec oy .nti .^nidt o i rent 1 e lev^tl tf l.loi^ t'rttei.n t^r 
:-:otlo::: aoo:; exto;-oE o i. t=n to' .sttivity ity acimi n i s t e r i ng- an 
■^gent wot oh is a iIG4o mtoulnt'ti t the t:u;tje:-t. In tine 
■3:tro:it :tont , toe ^IG4o moti i t .ji' 13 a Lllt^o t^rttein. In 
ioottior omboti iiTi-tL*: tne L I it4 ii^t^dt., : a t t^r is a ljlti4 5 nuttLei-t 
.ti.; :[.o _ rrO'.. Or . l-o o':cter em;t to imont s , : ne iloic mt'do La t to: is 
^ pootioe, p'tpt iti tmim^E' t ito or oz:\or sms I 1. in 1 1 e to . In 
crotorroo embt)a imt^n t , tne dist'ndor is t'^tesity t^r tatnoxi..:. 
For treat:!. ent ttiotity it is tiesii'trde 1 1^ 

.o":: t ^ s t o I an ageno wnion re'iaoes tne expression tr attivity 
h:'t4t :-in LIG4o ant agtoi 1 s t ) . Suth an agent can be 



am'junt 
w 1 1 h a n 
treated 

admin 1 s 
a c t i V i t 

aseay 

abe r rant 
orc't e.i n, 



C'f leptin administered is sufficient, in cC'mbinat ion 
y ena-jgenous leptin, to render the subect toeing 
sensiorve to the effects of the LIG46 antagonist, 
r^c r treatment -jf low t-ody weight it is desirable tC' 
:ei an agent which increases the exp-ressi-on of 
y '^f LIG46 (an LIG46 agonist) , 

The C'resent invent ic-n also provides a diagnostic 
or iaenti tying the presence or absence of a genetic 
■:;:'r matatiC'n mar acceri zed by at least t^ie ot: (i ) 

modi f Lcatic-n or mutation of a gene enc-tding a LIG46 



; mis-reguLatic. 
(ill) a r>e r rant 



■f a gene enrc-'din^ a LIG46 
'St-t r.^n3lat i 'i-nal mc'Cii f icatico 
; oi. zr.o oene 



..;t a Li':.:;46 cir'C'tein, wnereLn a wila-type fonr. of. z: 
encodes a prc^t^Bin with a hIG4»: activity. 

Ir. :3r.:'ther asr^ei't, tne invention p^r ^i^vi cies a methc-d 
rcr- ide:".t 1 t y 1 ng a c j:Tif:":-un :i tnat r'i:ids to or iti:c!c Latci the 
■--Ji^vity :f a l:;;'46 tirtt.em. In general, sut:n m^E-tn'tcs 
-:/:ati t;e3sjr'ing a oicdogical ac;tivity of a lh:;4o ii^rc^tein in 
zr.o presence and altsenre jf a test ccirit-^cntL ar.o c:;en: i i ving 
trcse comt'oar.ds A-hi::n slter tne activir;v- ot tne 1;IG4'0 



The mventit-n aisc features metnt^ds fee loentifyino 
mpound wnich mc'dulates the expressiijn of TIG4 6 ty 



ex:tre ss.i t : 



a nd. 



jf LIG4^ in the P'rcse: 



md 



t r. o : I G :: c T >^ A ■ :i e h r i d s- o t^ 't ] c ■ v; , . ;i; Q : 7 N : t . 
.ettiiie -Z'oon reading frame {:'\oolo st lo-- -.■ .1. - 
N'J:t; SET IT NtcV) which encodes a 4 0u ammo 
5E't ID NO : 6 ) . 



The LIG56 pc-lypeptide sequence of SEQ ID MO: 6 
includes p'Otential N-glycosylat ion sites at amino acids 252- 
25:); pc>tenrial prc'tein kinase C phosphorylation sites at 
amine acias 67-69, 75-77, 203-205, 213-220, 295-297, and 
29:i-: 01; cnitentiai casein f:inase II p'hosphory 1 at j 'i^n sites at 
amino ,..cia- 126-12-. 17:-] I:?-206, .■:56-2^-:-, ^91-2-4, 

>4 1-144, and 145-14=^; a f-oLontiai tyrosine ki.naso 
phosphc-ry 1 at icin site at animo acids 23::-l4]; i:i'jtential N- 
my rd St 1 at i c-n sires at amin-:.* acicis 66-71, ::;o-9!J, 116-121, and 
302-311; and a p-jtontial amidaci'jn site at amine- a<::ids 63- 

LIG36 may ;:"E- a GT r - 1 n'2i no C'ri'tein. E'c^rricns -if 
21G56 protein are zo simiL^r- ti 'jno C'l- iii:>ro murG]..e GTP- 
:.. L!":djn:^ pictems (O-enbsnk - i-'i'essi jn I iimi.)- rs : L:3444; G 13636; 



G:6 orc-tem p 
ai:io aci 1^ 
. n (amine a::i': 
^jne asp'O rt , 



■senr s 



n C'CO'Vi 



s s e s 5 2'i r - ;:d n :: 1 n 5 p' r : e a : n - 1 i ke 
:: if 332' 12 G'jici ane; an 2RG-4 
-177 of GLG 13) NC': 6) . 
1 nvont ii-n pi ividos 
■■:;.in,; L1G1-: onvremi 
.i :n^re:: fd a.-. I'el 1 . 
r imeri oi nyo: ic.i. z< 

lo^ 5 n^rloii 3ci::: milo::ule whi:.h 



s : laze-. 

a nuclei c 
...1 n p_r'L'be 



) one no leic lo- sequene-e sn'ion m 

or a ■::'jmp'^om*rnr ottire'if. 
inver:.t:ior p^rivLiies a n'^iG-Ei:- soi::: m:liii 
"laqmont of ai least llO -3 00, 2^eG G. 0, 

c. i>:les of tne nucleotide ...equ'^noe sriown 




UO:S or SEQ ID NO: 7, or a complement there-jf. 

The inventi'i'D alsc* features a nucleic acid mC'lecule 
wnich includes a nuclec-tide sequence encc^ding a pirotein 
liavinq an amine acid sequence that is at least 4 5% (c^r 55t, 
6:^:, "5^, 'cb'i , or 9S'\) identical tC' the amino ac-id 

sequence ot SEQ ID NO: 6. 

In h pief erred embodiment, a nucleic acid 

mc IecuLe r.as the- nu'::le I't i'lie sequence snc'wn SEQ ID XC'iS z^r 
SEQ ID NO: . 

Als:' wirnm tne invention is a nuclei r aci:^. m^jlecule 
wnicn encc'!::ies a fraqmen: ^: fi a pi-j 1 ypept ice havinq tne aminc' 
3cid se'::uen::e SEQ, 10 UQ:S, tne fraq^rient inclucanq at 
least 1: —5, : ; , 50, lOLO 150, 100, or 401) cc^nt icfU'tus 
^urnno a..;oa.^ c-f 1-EO 10 }]0:k. 

The invent i:-n incluiies a n^Jclel? acic m':dec.^Ie wnich 
e"i'::oues a 3i t u n .a 1 1 y :> t :-^^i:r i riq allelic varian: <: f a 
p-:0 yp.Bc: 1 a*;;- CDitjjrisinq tli*- iminj ioOc 5equ^;-nce :'i SE^^: 10 
110: 0, wre.re^rin t;\e n u. 1 1 e i c 3;:; id nnO.e'i'ule nyinidizes t'l a 
r:^cle:r ac_d m^le'tuie ha\:Mn:i the sequence cf tne ^t'tm^iO ement 
t' t SOC-- 10 TOO : 5 '■[■r SE.Q 10 iOj:7 ur.tier strmgenc ctno i 1 1 t^ns . 

AlS't wiznin tne mventitn sre: an isolated IJOtO 
orotem havma an anun-: acid sequence tiiat ls at least at-'Sut 

: : t , ^j'ir or 031 icentical tc- the amino 
I 0 NC' : 0 . 

invention 5 re: an i sedated Ll'OfO 
c;ed by a. nucleic as^id irnletulo' navmc a 
nat LS <^it least a;tC'Ut oS't ^ treterably 
zica.L zo 30(t II' NO': 7; and an isolated 
.r. ent:':)Uea ;ty a nu tleii: ocid molecule 
n :,n: e :^ 0 lae sequence whron hyoridizes under 
hvi; r idi sat ion oondi 1 1 ^tns t'l a nucleic acid 




molecule having the nucleotide sequence of SEQ ID NO; 7, 

Alsc' within the inventic^n is a polyp-eptide which is 
d naturally c^ccurrinq allelic variant of a pC'lypeptide that 
includes the amin.:' acid sequence of SEQ If) N(j:6, wherein the 
P'jlypeptide is enC'i-deci by a nucleic acid ni':>lecule which 
hybridi2:es zo a nurleic acid rU'i'Iecule conipir- i s iiiq SEQ ID MC):5 
or SEQ 10 N'J:~ -^noer stid.nqent C'jndi i'jns . 

Ancther emt'-i'OinLent Z'f tne invent ii^n p^rC'Vides LIG56 
nucleic aciC' mc>lecules whic^n sr:'ec:i f ical 1 y detect LrG56 
nucleic aci'C mcdecules (e.g., numan LPjjo) relative to 
riuc:leic acio; m-jlecules enct'din-g- 'I'ther' unrelated nusieic acid 
rnolec _i les navi.nc: sequence n'jiii'j 1 y t ? oTE'-Jointiin'g pr^jteins . 

Feu- ex.^mpde, i.r. 'jue emt'Odiriient , LlGbc- nuclei:: aci.ti 
:nolec_;le nyor- 1 <:1 i z^r s .^n^ler s: rinoent :;'jnd i t i c^ns zo a nusleic 



i.e con.pL 1 i in' 
ID N'l: 7, or 



-Ue n ^i- 1 eot i d^^' se :nj;en ::^:' of SEQ 
c jmtd^srnen: tne re f . In ant^: n 
enbodiment , tne LLGz^l nuitl^fii acM nbid O'l-ul is at least 

325, 350, 375, 4jC, 42^, 4:2, 522, 552, 225, 652, 7^^ 
:d.;2, 2222, 1 1 3 J tr 1222) n:j;c let-t i des in ler.oth ana 



vori. Ui : 



■ I r. 



t :-t>nai t I'sns tt' a nucleic ario. 

ct'iTif»lt'iT.'E'nt :nert :1. In anztnef 
prt^vioes an istdateo nucleic a.iu.d 
se zo tn-E' C'toino- sti-ano C'f a Llu5 6 



u 



L)ther ascei't tf the invent itn prtvtdes a vecttr, 
ujortb i n an : ext' res s it'n vs; :'t t' r , cC'irir'r i s ino a LI 2-5 '5 
: 1 c; mo 1 e c 1 e ■ < t t he i n v e ri 1 1 o n . In a n „; :: 2. e i 



1 nv-:-nt : 



vides a h 



>t 



r ri 1 n v '"^ n 1 1 ' J 1"^ a I s ' ") n r o v _l ■ i : 
protein oy culturino, in a 



(tin t a I nmq 
.tat- 1 e itedi i 



a host cell of the inventic-n 3'jntaining a recc'inbinant 
expression vector such that a LIG56 pc'lypeptide is produced. 

Anc'ther aspect of tnis invention prc'vides isolated 
or rec'jinijinant LIG56 pr^oteins and polypeptides. Preferred 
L1Gd6 lorc'teins anci pC'l ypept ides pC'Ssess at least one 
bi'jlc^glcal acvtivity pc'ssessed by naturally occurring LIG55 
.and ore induced t-y leo'tin. 

I'ne LIC.56 rrC'teins of the p'resent inventic^n, c^r 
oiC) bjgi i 1 ly active o-orci-jnc chere'jf, can loe c^p^era t ively 
link'=;d ZZ' a nC'n-LIG:'£ p'-ol ypepc iae (e.a., neterc loqous amino 
ac:d 3<=q^ences) t c- zorm LIGc6 fusi'jn C'roteins. The 
i r: V e ri z i o .n f u r z n -r r f e a t u i' ^e- s a ri t i b a i e s t h a t s e c i f i c. a 1 1 y b i nd 
lie; 5 6 p rote ins , su^rh as iii-jn-jc l-ona 1 or vol yclc-na I anti o-cdies . 
In .:-doLCion, one IM^S p-rC'Coins jr t>i :dc cal ly arrive 



:r: anc'thor ssp^eot, one rieienr invention orcvioe.s a 

exoressron m a cdr-I rgi. ral. sample t^y rc'n t :. i no- cne 
c^oiocicaj. sampl'E- vitn a.n a^enz r-ap'able oz derervtinc an 
moccaror of brr-':*:- a:-tivioy sucn mat one r^res-Enoe r^f ldG56 
.:-:vrviLy is deoeito-:; m tne ic IC'Oi ca 1 sainjsle. 

Ir;. another: ssr^eot, :ne invent irn orr vices a nietnC'd 
: :^ ; :.. :0: ^nc hi !■ : i ic : i v i : ■/ ooiiir' i: i s i nc' iciir a i r i n i a oe L 1 
o^':o -o": ^qeiiL m^t iindulaoes (innioitc !■ r e: i im ...la r es : LIGbfc 
./■:"0 : 1 1 y ^or exor es i i. E^n lucn mat LblSo ai:tivi"ty' c-r- 
mnre isior. m me ::oli i .r iniolulaoed. In loie embo-El iment , tne 



vier emoc'd iriMno , the agent modulates 
^^6 by rnoailatinq t ran script iC)ri o: 




gene, splii::ing of a LIG56 mRNA, or translation of a LIG56 
inRNA. In yet another embodiment, the agent is a nucleic 
a:, id molecule having a nucleotide sequence that is antisense 
tj the ■::oding strand of tne LIG56 mRNA or the LIG56 gene. 

In cne embodiment, the methods of the p^resent 
invent bjn are used to treat a sut-ject having a :iis':>rder 
cr. a racte r I zee by an undesiraole level of LIG56 I'r.jtein or 
nicleic acid exr:>ress i-on (e.g., a b-jdy weigh: disor^iier) or 
a::tivity t^y aoministe r ing an agent which is a LIG56 
rnDdu^atc-r to :he sut-ject. In one emb'jdiment, the L1G56 
modu-^atC'r is a LIGzk- p'r^jtein. In anccher emlojdimont the 
hIGoo mc^dulat'jr is 3 LIGto nui'leio 3:ci:i mc'lecule. In I'ther 
eitoo^iim-nt 3 , the IIG:-: rrr:'dula:jr i a pevzide^ 
pept .^domiiTiet 1 c, or itner sm^ill nicd';.--::'^! e . In 3. preferrec; 
-:"noc;.ii:Ti'r-nt , tne di:E'tr-oer is ity or :t£:.cnexia. 

Joe t'Cesent invent it^n alst- p'Ct'Vioes a oiagntstic 
assay ft:.r identifying tne p'resence ^tr af-sente ot a genetic 
":esion t;r mutatiiit oharact e r i zeci t-y at least cit-E' if: (i) 
doerrant ir.odi f ics.t i : n or mutaticit ot a u'ene eniiding a hlG^SG 
oiotein; fii; mi s-regu 1 at ion i-f a ooro enct'dir:g a LIG5^ 
: t - : o ; 3 tio ' i : i ^ bo^or r:^oz. t-ts t- 1 rant la t i tit a 1 Rnid i f it: at it^n 
t c: LIPdc protetn, vnerem a vilo-tyt-E t a roi at a a. a cene 
■■r\ . a 1 . ; e s a a r a t e i ri w i 1 1 a L I. G t o a c t i v i i ^' . 

in anctner aspeit, the invent itit P'lt vices a. methc-d 
v.ji ..oerit^ tying a c tiript^nnd that bitjils tt^ c^r mt'dulates tne 
:iCt^-;ity of a LTGdc orotidn. In g^-neral, such nietnoas 
■-a\aa\i rotasuiinc a ^titltgical activity t'f a LlGi^'O t^rotem m 
^ tiC cresern:e ana at^sence of a test ttjmpci..nd and icentifymg 
\ 'aa a^.. .ivtp'i^.nios wni th aicer tht activity tt the LIG56 



a compL'und which modulates the expressi'jn of LIG5 6 by 
measuring the expressi-jn C'f LIG56 in the presence and 
aosenc^e^ of a cc^rif'C'und . 



^: Tq tp, LRi:;-47, r.c.lQ-II, and Stral 3 

Tgtf', LF.G-47, RCIO-II, and Stral3 are known genes. 
However-, nc^ne of these genes has p'reviously loeen im5:dicated 
m ijodv' weight le ::u ia t i 'jn . The [jieseno invent i'On is basea, 
m par:, :n the oisc-jvery : nat exp-ress ii-n of ea::n ot tnese 

■ genes is induce :i r-y ieprin. Because Tgtr:', L?.G-4 7, r.riO-II, 
and Str-al: are inau::e':i by leptm, Tgtp, LRG-4 7, Fj:10-II, and 
Stralo prstein .r;nd the nucleic a^'id niC'lecules enc'jding them 
are useiul in rne devel'jpment of therapeutic cc^mr-junds for 
: ne zzo.c:zr\:er\z ol c-r^iivent i cc. cf ^sicy weignt :i 1 sc- r'Cie r's . 

tFG--4'^ ^ F'E-nt'an f:-. Azzossior. Numiier j 1 ? 1 1 9 ) 
o. IRX-oc^ snd erosc'des a pir-jt'ziir 
oT r'-ijinai ng p r-: teins ( S : ra. zo e : 
:kocyze Bizl. :: : : 4 ^ ^ - : 4 ) . 

LRG-4^ (Gentank A::cessi':n Nurmiei Gl?ll^c is a Lri", 
ana I FN-i- / - mil-i :: ik 1 e gene naving hi'mi.li'Uy tc Ir.G-47 
^21, boon II wniin i^io I FN 1 nduc iol- aenes (F-irai-e et 
:\ Leuk'Dzyto Bi:o, 5 ::4 7 7-4 : 4;. L,R-7-47 aisc. nas 
■g^' "0 i'gop and mav' i:-i a GTF-fc'inci i ng ^ircti-m ;.birai-e ei 



G-^S, IF'N-y 

oy 



• ^ 7 4 - : 4 ) . 

1 s 1 na ^.led 
that nas 
al. (1 ^^z) 



R7:10-II (Genbank Ai'sessii-n NumC'Ci [clFOt) is gene 
..'.,-ues the rG;lj-II luk'Unir of the 2 OF ori'teasi-me i^f 



seen suoue 



prjteasomal suhunit that is required for expression of 
rryptic activity (IJishimura et al., supra), 

Stral3 (Gent^ank Accession Number AF010305) is a 
recinoLC acid-inducitde qene "chat enc-jcies a h^asic helix- 
5 Lj :.p'-ne lix protein (Ec^udjelal et ai. (1997) Genes Dev. 
li:2J52-6:). StralB may act as a rer-ressor ot activated 
r [■ ^nscr ip: I'jn and is thC'Ughr zo play a role in neur-i-nal 
ai. f f rent 1 at iC'n (Bijuajelal et al.^ supra). 

The invent ii-n P'ri'vicies a metnio fi'i' iiientifying a 
iiiTipn'Una chat liinils ti- ir midulates tne activity i^f a Tgtp-, 
L.Ro-4 7, RtlJ-II, oi Sir a 13 prctein. In cener-al, such 
ri'iihods er.iail mea.s.„.rin^ a ciihicical activity if a I'cop, 
itt-4^, RtlO-II, I'.t: .:trali }:-ritein in mi- ]jr-eseni:o an-ii 
::nie:":ce oi" a t.est cimr'jund '-ric\ ii;ent. .i f y i no tni'S-e- ii-nir-iunds 



c i : : a 



: ne a i: i v i c v i t 



) 1' r o. _ 1 ' 
-IT, t^i Stral: I'li'tem. 

Tre invent ii^n ai si fiatur'es metn:is fir identifying 
mpo'ino wrucn m<iai:laies me i;xr:'ress i m i>f TctC), LF.1--47, 
-li, or Srraii k^y measuring me ext'iessnin i-f Tctr^, LF.G- 
RCii-II, or Soral: m tne c^resence ind liisence if a 
cuno . 

Torn, tni- invent ii'n I'li'Viaes a :TLe:hin; hm iriidilatina 
, LRC— 4"h iiMi-II, 11 S:ralj aiiiviiy i:iiri^> r i s i no 
:'mm a ceil wizh an aceni mai mi i;-.. la t os (mhikdts or 
i3:-s' Tgrp, RiJi-4", Fn:i:-[I, im: Rtr'al: ac^ivit^' or 
ssion r:icr, mat Tg:t', LRi;-4", r.id. l-Il, rr tor'aii. 

rxpresii'jn :n the leli is iinniu 1 1 1 ed . I r. :iie 
:he aiieni is an anti;ii'dy tna: st-mifiiaily binds 
-4"', ~:C11-11, cm Strali C'l'i'tein. I :i anither 
■he a,ien: modulates exprei..:ion of Titp, LFj4-47, 
)trali by inoiiulatmc t rans ir ipt i on or a Tqtp, 



LRG-47, F:C10-II, c^r 3tral3 gene; splicing of a Tqtp, LRG-47, 
F::iO-II, jr Stral?. mRNA; or translation of a Tgtp^ LRG-47, 
F;:'1C'-II, or 3tral2'. mRNA. In yet another embodiment, the 
a>E^no is a nucleic acid molecule having a nucleotide 
s-'ijuence that is antisense to the cc'ding strand of the Tgtp, 
LFj:^-47, F,l:1J-II, c-r Stral? mF:NA or the Tgtp, LF:G-47, RCIO- 
II, or ot ra 1 : gene . 

In Z'f.e emh-jdinient , tne methc-ds of tne present 
invention are usee tc tre^it a sur^ject having a oisorcler' 
1 r.f luen^-ed ;jy Tgtp, LRG-47, RGIC'-II, or otral3 prc'tein or 
n:^'::leic aci-i ext'ressi :-n or activity by aaminist er i ng an 
c: vrent wnich is a Tgtp, LRG-47, RG13-II, or 3tral:: n^odulator 
t the 5u;:g--t:t. In -tne embtio Iment , the Tgtp, LRG-47, RGIO- 
II, ::)r :irc;Il itidulatcr- is s Tgto, LRG-47, RGIO-IT, or 

: : L ^ oi 'tt : : n . I n an i-tner- emitt-iiiiTLen t tne I' ?t t), LF t;-4 7 , 
rtit-::, :r Izi-ll mtt:t.LatC:r i~ - l^tt-, lF,o-4F, ^.GM-II, or 
3tra.3 nurli.'tic stio ri.-: I e ;*tj. I e . In t'ther' emt't'dinient s , tne 
F-J::t, LF.G-4^, FvIII-II, or. 3tral: mt'ouiatt't is a t'Ot'tiae, 
F'etit_domiiTiet ic , -jr ctner small nitdecule. In a t'lef erred 
em;to^.iiment , the discrcier' is t'Oesity c-r cathexia. 

Tte tre^'ont inverticn alsc^ t^rcvioes a oisgntstic 

^^-tio!-; o: nr...: at 1 :;:t era r'aCteri z-a t^y at i^E-ast one tf: (i) 

r r ail t :t:oc i f i ta t i c n oi iTiot.^tiC'n C' f .t gene o:\c.zolC.c Tgtp, 
lK:t-^,"\ r<''lC' -II, cti'S.!: p.ntL'-in; (11) mi s - r^EiO'.,: l a t r '^ai of a 

.;ene encodmo a Tt^tp , 3FjI;-4 7, F. Git- 1 I, C' t St rail t^r^jtem; 
■.^nd ;i.ii; aoerr^nt p t s t-t tans 1 at i t-n ^1 mc'di f i :;ati'tn C'f a 
Gotp, LRG-47, Fyi:-II, or Gt.rall p-r-ttein, wherein a v;ild- 
V .t-: foriT. c;t the gene encc-des a P'rc)tein with a Tgtp', LF.G-47, 



In anc'ther aspect, the present invention provides a 
method f:)r detecting the presence of Tgtp, LRG-47, RCIO-II, 
or Stral3 a::tivity or expression in a bicdogical sample by 
conoacting che oicdogical sampde with an agent cap'able of 
detecomg an indicatc.r c^f Tgtp, LRG-47, RCIO-II, or 3tral3 
activity such ^hat the presence of Tgtp, LRG-47, RClO-II, or 
StralB activicy is detected in tne biological sample. 

fjtner features and advantages C'f the invent i-i-n will 
ao;oarent f rc^m :he fidl'Owing :let ailed des ■::r lot i-: n and 
c la lUi.z^ . 



\> E^rief ^'es cr i ;:'t icoi ■:■ £ tne n'r.Siwdno s 



Figure 1 aepacts t Ne cjXA sequeni-e (SLQ ID Xl':!) and 
predic;ted ammC' a'l'i-ii secjuoii^e { zEQ ID L(j:2) ot murine LlG4c. . 
\,i..L'r - depd:-t£ a seides jf alignmenrs c-f :ne ammo 

acid ■z:ec[Aenc\' ot LlGAo witn piutiins :u" a num;:-er if 
oalacrcsyltraViS ter'ases, in::Ljiarnc ( f i :*m t :^t' rc tootCuTo: Mus 
::u:sc:;iL:5 \JDF-G'hl: D-5 a'l; l.cNAc i:-E:.:: 1, j --ra 1 a t -cs vl: ra n.s f era se- 
I :Ac::;essLGn uuit^jjer zD^'^i 11 XO: /; Mu - a'uscuIus 

l?D-Gal: betaGi rlV^c iae:a 1, : -ga Lriat c sy^ t rans f er ace- 1 1 1 

Acceas.icn Number 2 =t " 91 ) ; Dtd^^ :^phj la niei^nz^gaster 
neurogenic secr^at ed' , ^ rgna 1 L ing- t *e i n ( " R.r-ain i a^^" ; 
Accession Number N4l44.;i; GLG IN Niu ;■ ; and Flzmio sapiens 

c: oCiGsy . 1 ransf eras- fAca-essr:n x:nmt'^r YloJia; 3LCj ID 
Xc: ■ . Tre amino acid s^aqcecae aDa\'e zae scdii; lane is a 



^ a 1 a a a ^ x a a a f;' a a a y c A aU at L I 0 ^ 6 . 1 a e 

of ane cuedicaeil t raa smeiTibran- ( TX] ) , cyaa^clasmic 

1 ea:t race 1 1 a 1 ar {OUT; domains are indicaaeo as ar( 
i^an of ca'stemes (a:yE;; -ertical bars inimeoiatelv 



• 



oelow the pl'^t). Relative hydrophobici t y is shown above the 
ciC'tted line, and relative hydrophilicity is shown belC'W the 
dotted line. \^ 

Figure 4 depiots ^loe cDNA sequence (SEQ ID NO: 5) and 
c^redioted aminC' acid sequenVe (SEQ ID MO: 6) of murine LIG56. 

Eiciuie is a hydropathy plc-t of I,IG5o. F.elative 
hydr Dpnc'bi ::i : 7 is sh'^wn aii-c^ve the ciC'ttea line, sno relative 
r.ydr Dpn 1 1 1 : is snc^wn tiel-jw tne dcttea line. 

Fi'irare is a ^rafo. aef'ii'tino the etfest LIG46 
1 L) sense and an:. i sense cd iq:jnuole-:^t ices s-n foc'd intaKe c-f male 
C't'ose (c>b/:>b) mice m the ri^resence and at'sence ler»tin. 

FiJur^T depicts the sDNA sequence ot human Llf^^^ 
t-ol-^^^^ Fi:;uie : d-^drts t ne p-r e<:li c t esi aminc' acid seo^uen-: 



t 



\ 



\ 



uppei 



ali^nmerA oi the c^'NA seqij;ent:es 
':C'=0 ::nt; iT.^^rino 1104^ UC'V^E-r 



"" riq\^]:'E 10 sietci-ts 3n aliqnmen: -sf t 
acta. s-^:{uenc.es ■if numan LlG4c (upip^ei:- 



'I eoi. <::t ed 
ae^nse) ana 



rme c^04 b 



ar":a 



rt sequence) 
1 is a grate, oepicting tne effect c.f LiG4t. 



e c 



oeta ile a C'es sr it t i 'tn c£ : ho In vs-nt i c n 
'"h*E t'tesent invent ico: is t^aseo, m t-aic, on tne 
dent 1 1 ica t ion of six genes wnt-se ext^ressicn i.s inauced by 
cptm. Fsur of tn^E' genes, Tgrp, LF.G-47, F.GIO-Il, an<a 
"I'^i'^-, -^ire K^nown genes. Tw'S if the genes, LIG46' and LIG5 



rioen readin:! frame only). A \'redicted aminC' acid sequence 

^ C^sjfl ^-j ^ The murine LIG4\cDNA ef Figure 1 (SEQ IC' N0:1) 

enci'des a :'97 amino acia Vrc-tein , 
--^ Murine LIG4t is c^ne member of a family ot molecules 

(the "LIG4G family") having certain conserved structural and 
fur.rti'jnsl fe^^tures. The rerm. "family" when referrina to 
"ne' pr'jreir. and nucleic a^rio mC'lecules of tne invencii'n is 

oj :.nTende::i to mean c w j r m^^re fioteins or nui'leic ac-i':; 
moiocjies n5ivin:i a iM'irani'n rU':.-tura 1 -lic-main and havmj 
sutfirienr ammj ai'lo or nucleitide sequence identity as 
defined nerein. 3u::h family memoers can te naturally 
occ:urrin3 ooA C5in 1: e frim either- tne same or diffei-ent 

o sce:-!'^:^-. zo^r examjile, 5 family ran 'r'i'niiain a first r^r^jtein 



13 shown m Figure 1 {SEQ ro N0:1; SEQ ID NO: 3 includes the 

^Vredictr 

ot ^Ii:^4 6 p^rjtein is al^sc' shC'wn\in Figure 1 (SEQ ID NO: 2) 



as 



■jrigin a;; a o. muiin- 
f amil / :nay i s-o na^ 



: r.or[-/j 1 oo -JO a f z nat p rco e in a f numan 

naala T„.e ■: f anaa r^ra'tain. MeirL;:)ei:s af a 
aaaiiTia-n f a.n aa i a na 1 ahai a. ate ri sa i as . 



an rVgcre 4 (SFt' ID 



mar niurine LIG^^ C' rat em 



ape 



:e ad a nc' t ^^me 
LIG4 6 oroae iri\^ as 
V--. r::eV,urine . 

^ ■ae^ d. - 0 ^ amma 



'I a; SEQ^ ID a](a:7 iraaiuales che 
ly ). A preaiictea amina' ac i(d s^'a:ruena:e 
Isa' sha^wn m Figure 4 [SEQ ID Nij:o). 
■5^ aaiXA af Figure ^ ;FFC^ II KC : z ) 
a a a P' ra^t e i n . 

it..ra::a' LIG-.::- is oo-z meiir-ar ^af f and 1 y af n.alea-ules 
" d i G a 6 r a :ri at/"; n a v i n g c a- r'zoi n :: a n s a^ r v o ai s a accural and 
aaccc;! features. Tne aern: "fa.mily" when reforrino to 
rro:..oio ana naa:leic aa-iai nnalea:ula!S a>f ane invent la^n is 
nde^ri ni-an awa^ or mare pra^tems a^r nua^leic acid 
i-ivma a ca^mman strucrur-ai da-inain and havanc 



sufficient aminc' acid cr nucleotide sequence identity as 
defined herein. Such family members can be naturally 
oC'::urrinq and can be from either the same or different 
species. For examf>le, a family can c<jntain a first protein 
of murine C'riqin and a homcdogue 'jf that p'rc>tein C'f human 
origin, as well as a seccria, distinct pr-jtein 'jf human 
origin an-il a m..rine h'jmolc'Oue of that f-rotein. Members cif a 



t am: 



Tia 



c C'lTLmL' n f u n c t i o n a 1 c h a r' a c t e r i s t i s 



'Toto (Gent^ank Accessic-n Nlumt^er L3 34 44) encjdes a T 
1 1 -soec: i f ic go an i ne nuc 1 ec't ide t r ipnC'Stoia te-ioinciing 
jtein (Carlcw et al. {11^94} J. Immunol, 1 54 : 1724 -34 ) . 

I:r.G-47 (denh-ank Aocessa-:n Uumt'or dl^^ll^d is induced 
IFK-/, '^^^1'=^ IE^i\-a/i: and encodes a r'r:':ein tnat nas 
homolr.gy t^: i:^T ?-b i no.i no pr-jcems (S'l-race et al. (19o5) 

Li<:;-4"^ (:;>En;oank A:--esii:n :.-^mt'er ■;i='ii;d is a LF'S, 
, ::;:"o.; : FG-.: /O:; - i:\oi. i:d o ^-r.e navmg r.cni- 
gi L , .c^ocn ■: f wnicn ai >r i Fo -y- mdu ri;:d e ^ 
lrG'5; J. Loukvoyte Biol, ■: : 4 7 7 - 4 F 4 ) . : 



ov 



1 r.'j' - ^ / 

OS (FC'race et 
-4 7 a 1 so nas 



ana ma'v' 1:- 



■rrP-cand. i no 



e i:i 



S'race et 



C 1 C - 1 1 { Gor.b an k A ? re s s .i or. o on. lie r 
e:o:;^_w:ie.:. the RC I : - I 1 sooon i *: c f one 1 
TTici ■.'Mmo C'i"ain ; K i sniinoio et a I . ( 1 ^ 



pi : o<3a sii'iTie of 
FEB 3 1:-' ^ ^ . 



■i:-. : -0:F--::c ; , It" o.^.s ooor. Euogesteo onao -OlC-II is a 
o:.oaso:::al sobunit that is leouired fir exp'ressii-n i^f 

■yptio ro::oivity (Ni^hLmora ei al., supra), 

Fr.iali (Genbank A:-::essiin lojmt'i'i AFjiJ::5) is a 

:l1!ijil..: acid-mauoitde gene tnat enci'iies a basic helix- 

:■■ i-o-— i:-: oi'iiein {Eo^odnelal et al. (l^^^F) Or-oes Dev. 
: ■':^~^o ■ . .-G.ru 13 rnav act as a reoressor of aciivaieo 



t ranscripti'On and is thc'ught to play a role in neuronal 
dif f erentiat ic-n (Boudjelal et al., supra). 

VariC'US aspects -jf the inventic-n are descrik^ed in 
further detail in the fC'llC'wina subsect ic^ns . 



Isolated i^'ucleic Acid Molecules 



C'ne aspect of the invention pertains to isolated 
nucleic acic; iriolecules that encode LIG4 6 or LIG56 pr^i'teins 
or biolc>gi :;al I y acive porti-jns therec'f, as well as nucleic 
acid jTiolecule.f Ani::h can be j.se:i as hylur zat i i-n p-ri't-es to 
identify LlGA^i' i-r 1 b ■;56-enC'Soinii riuclei: a::i'C mi-lec j .1 es 
{e.q.r h-^inan 11G;46 or homan Lb:;^.G) ami fra^menos fc^r -^se as 
PGR priniers f'lr tne amjj 1 i f i :~a t i :r[ c^r iTiuration C)f bbri46 -i^r 
LIG56 nurleic acbi mc'lecules. As usc'ii hei-ein, the term 
"::uc]eic a^iid itm 1 bi' " is mtenceci z-: incbaoe jNA niile-i^ule; 
e.o., ■iGbA oi qe:\omic GNA) ana r.NA mil ec.. bas (!■._:., it;'^:NA) 



Cv 



e-st rand^io, c-us p.re f e rasG;^' is sMUsGe-st ranci-i: JGA. 
Inis sestic-n oesciures varbius LIGA^ anc GIGG6 
acic ir-jlecules. ii^ui'se, iS'iIat'id nucleic acid 

encodm.^- all ir ^::.art. i^f Tgtp, LF.i:;-47, RC:!'!-!!, and 

useful in one mecni-ds of the inventiin, e.g., 
r laeno.ryino cC'iT^pci<nds wn cm nc^culate a ccdy 
uu-i. I'ru.s, a ■■i\.iisic aciil mcli'cole enciiiiSjassina 



AC c: nucl'iis: as:id iT.oLec:uli' en I'lmp'assi ng all or pare 
r-egjiatory region ot a Tgtp, GP.G-4 7, F.GlJ-11, or 
aenc' car; ased ci sr^eati^ recc^mbinant cells chac 

used : r: screening assays. In additron, nucleic acio 
cc-csding Tgtp, bRG-47, RGIO-II, anci Sorall can be 



used tC' create transgenic mice which overexpress one or more 
of Tgtp, LF;G-47, RCIO-II, and Stral3. Such transaenic mice 
c.re useful in elucidating the rede i-f these genes in oc'dy 
weignt regular i-jn. Thus, the methC'ds described in this 
se'::cic'n can be- used tc- p^repare and nianipulate Tgtp^, LF:G-47, 
F:C: 10-11, and St. rail nuclei':: acic mc'lecules as well as human 
homoiogues ot Tgtru LRG--4 7, RCIO-II, and Stral3. 

An "isc'lated" nucleic acic mC'lecule is c^ne which is 





para 


ted fr 




her nuc 


lei 


c acid mC'le'irul 


es whi'::h are 






e 3 e n 


t 1. n r 


ne na 


rural s 


■ju r 


ce -jf tne nucl 


e i c a e- i ei . 




? r 




abl y. 


:zi n J_ 


sc^lat ed 




u-elei s aci :i is 


free eif sc'quenc 


es 


d^ 


r 1 


raoly 


pro z e 


in en-: 


:iin 


o soc[uer.ces) w 


hi CO narura lly 






ank 


the n-. 


c lei: 


acici ( 


1. . e 


. , seguences 1 


e'carea at rhe 5 ' 






:\ 3' 


ends 








aeiei) in rhe g 


enomie- oXA e^f th 




.;■ r 


:^an r 


SIT. ri"C' 


m wni 






lei :: a -ici is d 


eri veei. Fe-r- 






imp ^. 




var 1 c 


us emr*-: 


■:iim 


enrs, rhe isol 


5: tee! LIS 4 6 e^r LI 


15 
















an oeo'jr 5 o'o, 4 








<c , 2 


Ku:-, 1 


ko, ; . 




cu- : . 1 < o o f" 


nu ele er ide 






g u e T: 


ces wn 




..r-.rall 


>' ^ 


1 a n ri z n e r. e e 1 e- 


i e- e i e: me)l ee-e: le 






n cac. 






^. ^ 11 


f I'j 


m wr. ie:n r:ee nu 
h3.t^;.o" njcleie: 


eleie a eld is 
a. e: i d niz 1 ee:u 1 e , 






c n d 


s a c 1 


NA mc 


lec.le. 




n bo sue s r ana i 


ally fr'oe ^T-f :.tn 








a r m a 


en a 1 


, or 


1 . . 


re meelium wnen 


P re'du eeo e'y 






c omb 


1. n a n r 




i crue s , 




sut'S t anr la 1 1 y 


free el enemi::al 












er :'heir 




Ls wr.en cO'-mie: 


a 1 1 "j,' S- 'yiz z he s i z e d 










:" ± e 1 C- 


3 C 1 d ;T.' 


:d e : 


:.le :f the or^: 


-eee t i nvent le'n, 










e i c a 


C I d n'j:> 1 


C U 


le naving the 


rea e le er ide seguenc 




^ 






IQ li' X 


'J : 1 


, SEo I b he' : 5 


zr SEe! IS dec 7 , 


er 


1 






cf a 


ny of thns 


e nuc lee t i de- s 


eg. en ces, can be 








^7= '"^1 U S 1 


n a £ t 


an da 


rruo 1 


ecular tocle^gy 


tecnniques and 


rh 








'/rriLd t 


ion pre 


VI d 


ed nerem. Us 


ing all e^r- [:orri 


en 



of the nucleic acid sequences of SE^2 ID N0:1, SEQ ID NO: 3, 
or all c:r a pjjrtic'n of the nucleic acid sequence oz SEQ ID 
NO: 5 or SEO ID NO: 7, as a hyt-r idi zar ion probe, LIG46 and 
LIG5^:' nucleic acid molecules can be isolated using standard 
hybr idizat i'on and cl'i-ninq techniques (e.g., as described in 
Samt'rciC'k. e^ al., eds . , Molecular Cloning: A Laboratory 
Manual, 2nd, ed.. Cold Spring Harbor Laboratory, Ocdd Spring 
Hart'C^r- Lar":- ra: C) r y Press, Cede Spiring HarlC'C'r, NY, l?Q9), 

A nu:-iei? ac:i:l c-f tne invent ic-n can t-e ampdifieo 
u=ino cONA, iTir.NA or ■gencimi I^NA as a temp-la:.e and 
ac'pi L late i i xi-nu r 1 e^- : ide puvimers ac-i-'Or oino r svanoar:! 



PGR rr.i 

oy DUA s ecu en 
preoareo cy a 

..:;cmproce a n.^ 



: loe se quen^ios can 
ooo , o . :( . , ■■•oon an 



1. : i.c-.^ i o-n oe::hniques. The nucleic 5i-:;id so amt'lified 
leaned intC' an a]jprc'p> r late vectc-r and char a :,terized 
ana 1 ys is . Furtherm'^re , c-l igvjnucle'jt i aes 
' LI'P4o jr LIGoo n\;':: 1 eco n:ie se Juen'::^-:/s ■-an r^e 

■i:- ~o-io. iTiOlecuie vnicn is a ::':)niC' 1 ei'ien-: of 
■'=-::uence snC'Wn m SEC: ID tjC':l, SE'P ID N!j:3, 
. ID KG: 5 or SEC^ ID !Gj:7, c r a p-orti--n ohereof. A nucleic 
.a mciejcule wnio-n is ::0'mp'lenLenoa ry zo a given nu'::lectide 
y_.;ence is one wni:'n is sufficienrly imitic leiaen tar y tc the 
-i:n rooleoOLde =^eqo.en :'e zhai it o.^n nybi ii^ize zo tno given 

p^ IV 0 1 on c .i a nu':-iei':: aoi<;i E-oquen'::e 
a: no DiG4-: iv DIG:-:, fc^r example, a fraomer. t wni on can 
sec £^s a C'tc^be or p^ rimer or a fragment encc'ding a 
.-aiiolly acLive pMirtion if DI(];46 or LIGSo. The 



1 - ■ 
■ - J 



i^v on 



murine LIG4f gene and the murine LIG56 gene allows for the 
generatic-n of piC'bes and primers designed for use in 
identifying ano/c^r cloning LIG4 5 or LIG5fo hc^m^ologues in 
GOner ct-ii types, e.g., frc^m jtner tissues, as well as LIG4 6 
c^nd LIG06 n'i'nMd 'jgues frc-m 'I'ther mammals, e.g., humans. The 
p rooe /p r\ime r : yf-i'Ta 1 ly comprises suh-sr ant ia 1 ly pur if i ed 

01 igonu'::let): itie . The j1 igt'nuo]-et't Lae typically comp^rises a 
region ot nu-:: i ec't ide seguence that hybri'.:li zes under 
striniient c^tn :;i t i 'tns 10 at least about li, preferahdy at'Out 
25, m'jr-;^ pr^Eferardy abc^ut tO, 7 5, 100, 11 5, 150, 175, 200, 

2 50, 5Dj, 3:] jr ^C'O c ins-rcut i ve nuclec>t ides 'tf tnc sense or 
^^^nti-sense se:;^ence t^f SEO' 12 NO':! or SE^j 1 5' i02:5, c i' of a 

il.y oci' i r r- in. mt.:an: ot 3E^l! 1 1: N0':1 01 ..'EQ 12 XO)::-, -jr 
or" anz I - sor.so si-guence of SEjj Ij TOO: 5 o)^ SEQ 12 N0':7, 
tt: i,.. rri ng mutant :f OE'j 12 h0':5 cr SEQ 15) 



e o : ^: 



)i:^i zaso2. :n tn^- LIG40 or LiG50 nuclettioe 
ar. 00 t..sici z :■ oozeoo 1 1 anst:rdpt s 01 oen'tmic^ 

r sa:Tie or zoiazoo piozoi::- ■ i- . g . , numan 
zo CJmt^rlS•rS a la.oe. ^j:;'it..ir' ^t t. artn'ii; 

Oi a'jnt-s t L test kit f'tr iden". i f y r:ig ::eiis t-r- 



vo:. r c : 



■ss z LI 2- 4': t' r LIG^^:' p-r-ttem, such as 
i s :..c- :. t ^ \ev-l zt a LIG4o or LI Oi 5 O-enC't'l in n-^cloii: 
c: ■- sa:ntjl-E^ cd tel.!:: fioui a st..;:ye:'t, e.g., detecting 
^.^r i.i2Cj-5 inF.NA levels r decerminmc whotner' a genomic 
re- LIGLc gene nas been iTiuteteo 'tr ceteted. 

2^ nut:eic a:.CLd tragm- nt ent'tdms a " b : c 1 t i Cc. ^ 1 y 
■■ o:.u-^io:". ^";f L1G46" can oa r -E-pa r -td cy iscletrng a 
.c .yr.o 12 NG:1 cr £EG 1 L; N2c 2 vdircn enjc.;u^-3 a 



pc>lyf)ept ide having a LIG46 hiolcgical activity, expressing 
tne encoded perti'jn of LIG4o (e.g., by recombinant 
expr"ession in vitro) and assessing the activity ot the 
encioded pjrticr: z-f LIG4 5. For- example, a nucleic acid 
fragment enC'Oding a bicrlcgical ly active p-i-rtion c-f LIG46 
mclucies a galactC'Syl transferase-like domain, e.g., SEQ id 



Tne invent Li^n further encompasses nucleic acid 
:ncdec:-..les tn.^t differ frc^m the nuclec'tide sequence of SEQ ID 
N0:1 or SEQ I j :^0: 2 c;ue to iiegeneraiy i-f tne generic co'ie 

aine LI ^46 or-:'tein as mat en::':nled b-y 
c^r sn«jAn in SEi' ID XC':!. ir SEQ ID Nt'rS. 

the LIG4t- nuclec'tide sequens'.es shc'wn 
J It' hi'::, i: will b-r arz't' rec i a t ed ijy 
art :r.at DMA se'queni::e pol ■^tii-:- rtri i sms 



■Q I J N'J : J <: 

;^nC':niG' me 

aoc^it 1 tn t 
NQ: 1 and SI 



■thanoes in tn*- am. 



tn 



Bcuenies ot LrG4o 

e: I :: s-j 1 yir: :■ r'on i sni in 



-::A 



n d^e ti natural c;ll^i::- var i-tim. A.e ..sea 
ne terms "g-i-;e" ana "re :::m;ii nant gene" refer t>: 
ciQ iTiC'.-ecule-5 cc-mf' ri si:itr at. C't-en reaoing frame 

lG4 6 



encoding a LIG4o prt)tein, iJteferaiiiy a mairmaiian 
or:.;tei:t. Suih natural allelii- -/ariatii'ns ca 



ally 



r:t. ileotide seq^„.enie of 1 
n\:c: I e^-r loe va la t i ms an. 



' /; 



.e ocone 



y a n a a . 

aoi a pt; I vmc;rTi" 
Oi a 1 : e 1. 1 \^ a r i <a i n a n i; t h a t a o 
activity I'f LIG4o ai^:- ir.tended t 
e 1 nve-n tim . 

:c acid fragment eniodmj a "oA;--; 



lie witnm 



^ n o I 



o d n ;j 



prepared ry 



■ J- C4 1. ■ 



- a 1 1 n G a 



pcrticn of SEQ ID NO: 5 or SEQ ID NO: 7 which encodes a 
p'jlypeptide having a LIG56 biological activity, expressing 
tr.e encooecl pc-rtic^n of LIG56 prc-cein (e.g., by recc-mtdnant 
exprea 3 in vitrv) and assessinc: the activity of the 

er;cijd'i^d c>L'rti-:r: of LIG55. E'jr example, a nucleic acid 
fracnrien: enc'jding a Ijicilci-^ically active porticin ot LIG56 
ixciades a GT? binding pr-jtein- 1 1 ke d-jmain, e.g., S-EQ ID 
:\IC>: 

The invent icin further- enC'tmpasses nU'rleic acid 
:u:de::uLes tna: differ from the nu-::leoride sequence of SEO ID 
Nij:5 or S'^.Q lo U0:1 o.oo to degenerary :f tne genetic cc-cie 
^^:\o zr.oz- '-n::c:de the same Ll-'-Z'o ti'i'tein as inst ^E-n-:;: tieo ;ty 
tne :o^cleL'tioe 3eguene:e sht'wn in SEG ID Xt':^ or .?E:G I y.o:~/. 

Ir adc:it:it-n tt tne mur'ine hlGof n..^.c 1 -tC't i tie secuente 
socwo tn .:'EQ ID Ko:z ana SEo ID :g1 : 7 , it aIII oo ..r^tr-rec i 5 ted 
by tnoS'E' skilled m tne art tnat OKA sequence t'tiiynM-rxhi sms 
tnat lest: to tr.an^e; m tne amint' aciii sequences ot lAGz6 
:tay exitt witn.m a ooooAaz i . Gt.cn genetic red ym : rjtni s:tl on 
:ne .GGd.. gene :tsy ex.ist .-.n.tn^- t ntd vi :::.ua 1 s 'A'i-^.n.in 

:-:eiei.r., tne ternt 'drone" an:l "rettmtmant gene" r-rfer t c 

t:ucteic acid mc'^eouies CL^mitrising ar: zoer\ r^ts.din<:r fiau.e 
" " "" ^ " .5 or tt e in, t te f e r alt I y a mamma 1 ian L I G 5 6 

Such natur'al aHelic variatitns t:an t y td 1 3 Id y 
1-7' t^ari tnttt in the nuttlec'tide seouence tf tne 
y 3 n a. i i s t. sn no t i e 1 1 1 oe va l 1 a 1. 1. 1; :\ s o n d 
.t;.;"aj amtnc atic t'td ymt rp'U t sma in LI'756 tnac rj^ro tna- 
;t ^ .0 natural odLoLic vartati'^n ana: that da; ncc alter 
:an:U:aanai activtty tf LIGaa are intenda-o t^a t-e withm 
scope at tne invent it n. 

^a..r cover, nualeic at id made-ttdes erica dm j LIGIG or 



1 1 o a J 



a (U ^.e . 



LIG56 
h jmo 1 
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ba?ed 

^ fi ere 

liyo n 

ce ndi 
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1 1 G4 o 



proteins from either species {LIG46 or LIG56 
C'oues), which have a nuclec-tide sequence which differs 
:nat c-f the murine gene, are intendea to be witnin the 

of the inventic'n. Nucleic acid molecules 
sc'ondino tC' natural allelic variants and hom<jlC'gues of 
c.r LIG56 CJNA of the invention can be isolated 

or: tneir identity tc^ the LIG4r: or LlG'z'^ nucUeic aciids 



)£ed nerein using tne murine cDNAs, or 



'rt i-:>n 



ot, as a hyt'ridi z at i'On P'r-jt^e accc^rding lo stanoard 
d 1 z at i ofi te^rhn iques unde r s t r ingen t hylor i di zat i'l-n 
tions. For example, a solutde LIG46 oDNA can loe 
:-^:'d r;ased :n los identity t murine iTiemlji'ane-jjC'i^nd 

iikewi.se, a memor ane-t-ound rruman LIG:*:- oLolA zan bo 



oa 5 eo 



Ldent: 



I: sZ'Luole hh 
r e:Tii:' zoimen t , 5 



10 J3, :r I 2 oj ; n-.. z 1 ez^t i des m lengtn an-i ny;zziziizes -^.n^iler 
stringent zondiziZ'ns zd tne n:.'Zlezi acii itO' i -e- :'u 1 e z' znx'ri.s i.ng 
zne nuciezitizie sequenz-e, P'refeiaoiy the -itz-'zin^j sequenze, zif 
I'zo It XG:I, or I J N'z::i, or T Nz):': i r SE't It Mfj : 7 . 

As i.sea herein, tne t-rim "h;^*;: r izii zes znoor stringent 
■:znditiznz" zs intended zo ziosz^rioe cz n^ii t i z-zs f.iz 
zyor loz zazz ijn anzi wasnm^- unzier 'zn i zn nu^ilz^it ice zz-zuenzvzs 
o. .-zs: tC ;65-:, '^J-r zi'z? f e razd y ^ z ) la-nzhial t z^ zazzz 
.'izzzi "ypiczaziy zz^mam nzbrioizez; "zz ea :n ■jzzz:r, ozizi 
.-^zrince^it 'jndi t iz^ns .;:;re knz^wn tZ' :hz)se ik. ■iPiz: in tn^z- ar"t 
■ z.z Zco-; bo ^zund m :::.;rrent i-TztzzL^s in N:)iozzi.^r Bizioinn 
^ :::z z'l.^-rz Sons, N.i. (1:jo9), t . z . 1 - 6 . 2 . . A zueferrezl, 
-Zi- i .i m: : z rvio exampd e i so ringenz hybr idi zat izm cond 1 1 iz>ns 
: : "i; : : a: Z:^t zzz : i; 6X sodzum cn i or i da ^ udi urn zztrjte (SSC; 



at about 4j"C, followed by one c^r more washes in (D . 2 X SSC, 
Q.l- SDS a: 50-65^C, Preferably, an isolated nucleic acid 
mc'iec:ule of the invention tnat hyt^ridizes under stringent 
c jnd 1 r i<jns ro ine sequence of SEC IE' N'J:1, SEQ ID NO::., SEQ 
111 NO:b or .'}E^j ID ^lOil o^:- r responds to a naturally-oor.urring 
n.^cleic acid mcdecule. As used herein, a "naturally- 
orcurrinq" .nucleic acid molecule refers to an RNA or DNA 
midecule na'/inq a nuclec'tide sequence that c^ccurs in nature 
(•e.g., encodes a natur^il pr^jtein). 

In 3 o:(it i zoi zo natural ly-C'C:curi i no all elic var iants 
ot tne :tIG-^o I' f Id.G^ 6 sequen:;e tnat may exist m tn-r 
oC'Ou 1 at njn , me skilled artisan will furtner ^p)pjre'::ia te that 



c n 5. n c e s 
soju e n c 



::an 



1 nt r 



mutac icn int-i' che n j ::1 -e-j t i de 



0 r 



-oqo ca.. 



..s::hjse:i nerein, thereh^y lea::iinc t changes in 
:n:i seq.ien::e I'f" :.he encoded or LIG:-': 

c.^u*: ilrerdn:; the f..ncth::nal ability ot - ne 

orjtei.n. Fjo oy.am'olo , one o^an moKo 
■■-.os^. 1. : a: i.^jcs lea^iino zo ammc^ a.cic s.^ool i:.ucions 
^rciad.." 3.m.: r.o a : io. ro.o loues . A "n'On-cssen: lal" 

-cyienc-r sf GIG4c lu' h I : wi:,n:u~ al:erinc tne 
L'.:civi:.>^ wnereas an "'=-5 sent ia 1" aiTun a:ia 
"equire:! tor ;:d':d.':'gi ca 1 activity . For exainp'le, 
;e3idues tnat ar^E- C'tnscrved am'tng the LIc'4G or 
.ns ot \'ariojas so'-cies ar^e crO'airtec zo o^o 
' ur; aiTie a a it i e o a 1 1; o rat i on . 
-xainpl't, cneterre:i L.It-4c trtttins tt th^ 
: t a 1 .litiinL^ a~j.i''ji.s tr. rit ar^z ctntci^V'tc; ri'tonc 

1 amenable: co miCa t i on . C'thei amine- 3cid 
:^wever, {e.g., thts- that are nc-t ttatserveo 



I ^ a e n 



(jnly semi-C'jnserved amc^ng LIG46 or LIG56 of various species) 
iTiay noz be essential for activity and tnus are likely to be 
amenalole z.~j alteration . 

Ai'OC'rdingl y , another asp^ect of the invention 
P'O.rtains zo nucleic acid mcilecules encoding LIG4 6 or LIG56 
prc'teins :hat c<jntain changes in aminC' acid residues that 
are noz essential for activity. Such LIG46 or LIG^'& 
prc'teins ciiffei in amino acid sequence fr-jm thc-se disclC'Sed 
nerein yet re:ain bi i-lc'cical activity. In one emtit'diment , 
:.ne isiDiacoa nucleic acid molecule includes a nucleotide 
sequence enc'i-ding a p'rc'tein that includes an amin.o acid 
..eciuence tn^c is ac least about 4^-% identical, 651, 75s, 
-3;-, ?-5^-, oi r:^ i.oentii'al zo zne amines -cici seq-^on::e jf SEQ 



A:. :,.-:-::Leo nctloic vrio m:de:-ule enctomo - LIG46 
■I LIC'56 ortt'Ein havmc- s so::uence -Ani:::. oiffer-s f r tm that 
:iE>c^-.3ec n'troit- o.~r. :te treated oo i nt rt-:lut: i n ^ one tr nbtre 
iuc:^eittide s'^joc t. i t.ut i t'ns , at^oicit'ns or oeleti tns into tne 
rtclec:t.Lae eeooenoe oistloseo herein sucn mat -tne 'tr mere 
iiuino acid sut'S 1 1 tuc i iTis , aodit.Lt'ns c^r dolet.itns are 
.:;troaucoa iirtc: tne er.o.ooeo prozem . M-^.ta t i c^ns zar^ be 

ntroduced oy szar.oaro techniques, cui:n as ? 1 1 e-u i r-r '-red 
.-.taaenesi z and ? Cr.-iT:ec; i a t eo mut acfenes is . r.referaoly, 
"tnser va t 1 ve smir.o a : i t; suot t i t ut, i ont are niaoe at one tr 

^ r - i zen :. itec nt'n--.5 sent ia i aminit ao'id res Li:lues . A 
'^tunservci 1 1 ve anuni =CLd su;ist. itut. I'tn " is C'oe m whLi:h tne 
i:r;inc acta resiaue is replaied wit.n an aminit a^tid r-tsidue 
-^v^:o..; siitiiar sice cnam. Families ^^f am:ni: aciti 

o>inu-n r"::i;vir:g similar si as cnains have seen di^ Lined in the 

- in--e tamilies include ammi; acids v^itn basic side 
i".^.^iM -.a., lys.^ne, arginme, nistidine;, ^acidic side 



chains (e.g., aspartic acid, glutamic acid), uncharged polar 
side r-hains (e.g., glycine, asparagine, glutamine, serine, 
threonine, tyrc>sine, cysteine), nonpolar side chains (e.g., 
alanine, valine, leucine, isoleucine, pr>jline, 
phenylalanine, methionine, tryptC'phan) , i:)eta-branched side 
c:hain5 (e.g., tnr"eonine, valine, iS'jleucine) and aromatic 
sioe mains (e.g., tyr'jsine, phenylalanine, trypt'Ophan, 
nist idme). Thus, a predicted nc>nessenr ial amin:j acid 
residue in LIG4 6 or LlGbS is preferatdy r'ei:»laced with 
anc^tner .^min-j a i d residue fro^ni tne same side 'Z'-nain family. 

Alternatively, mj^oations ::~n ite i nr. iv-du te^:: L^andi-mly Eil-jn;j 
::..li or perz Ol a tr lIo:6 ct'Ciing s e :;-^e:'i ::e , su::n as ey 

e.af ..raoi'jn m'^cagenes i. s , an:; rne resaltan:. muoancs can l:)e 
screenea tor LrG46 or LIG5^' rn ■: Iv^g i c:a 1 activity 1 1- i.-ientify 
mutants that retrain activity. Ftdltwing mucagenes is , the 
'E:r.ccdeci protein can ee extu'essetl r-eoC'mtd n ant 1 y ana tne 
activity cf tn^E' t;r'tt-'in tan ee :let.e rmi netl . 

Tnt c r e £ ent i nvent i t r. en :: vT.t' as ses ^n t i s ense nu s i e i t 
atic :tcl--cules, :,e., irV' le ::a.. 1 -t i Anith, are tomp 1 omenta I'y 1 1^ a 
sense n:..t^etc ocio e:\ceeir.^ t-tttem, a- . ^ . , at^mtdenaant a ry 
t:.; tne .laaamo strano cd a ala'Uiale-st t anoa-d oDtiA madeaula' or 
aomplea;ent ary to an iriRXA aearuenae. Atcau-auniaiy, 3n 
antasense nut:leic: acid tan nya;ragen t'l^nd ta .a sense nucleia: 
El/: la. Ine ant i sense notleic aa:io C5n ;ae a implement ary to an 
ett^re i:o4e or Llioa: aodma: strano, ar ti' Italy a p:Mtiaoi 
taeiO;..:!, e.g., a 1 1. ar t^a rt :;t: tna tuotein ^/a^riing rearao. av 
..a. ■en leaoiEiu rramoj. At ant i seas !■ r. u:da-na ^.-aid anda-'auie a:cni 
^-nt:::aotse to a nt'nc'aaung regiat af the coding atran(a of a 
a^. a loot roe sequence en carding- Idd4t ar LIGa^:. The n:-nci'dinG 
r^vgior.s ^"5' and 3' untranslated regians") are tha^ t' and a' 
a-at'zrt:-_:^.-s whi on flank the aa^dioia reqiia^ ana are not 



translated intc> amin'O acids, 

Ciiven the cc>ding strand sequences encoding LIG46 or 
LIG5t disclosed herein (e.g., SEQ ID N0:1, SEQ ID NO: 3, SEQ 
ID N(l:5, and SEQ I ^' N(j:7), antisense nucleic acids of the 



;igned accc-rding to the rules of Watsc-n 



and 'I'rick l^ase piairing. The antisense nuclei: arid molecule 
can ;:'e com|:'leniont ar y to ohe entire cociing re:iion jf LIG4i? r 
LIG5»: mr.MA, out mor-e preferai:dy is an C'l igcoiuc leC' c iCiO wnicn 
is a:\ti sense oo 'jn ly a pcjrti-jn of ohe cc'ding or nc-ncciding 
regi'i-n of LIGj4 6 or LIGr-G mF:MA, E-jr example, the antisense 
o 1 1 q':"Tiuc lec t id'E' can be cc'iriplenient a r y to the regic-n 
surrounding che t rans 1 a t i c-n start site of 1J:G46 or LIG56 
:ar:NA. An an:u.sonso 'id i g':r,u::loL.t ido can \jo , for oxamijle, 
dooj-; b r iJ, llr /O, 2:., : , AO, 4: or :> : nu r 1 ec-t ides m 

io:o:^\r[. An 3n:isense nui'lei'i: ac:io of one in-/encijn zan oo 



uC 1 e i 



\o.s is anci en:v/ni5.c ic 1 igac ion 
: in t n e a r z . Eo r e x smp I e , 



:iO 



1 eo:. i>:le ) ::sn r»e -i-heiai 



. L ^ J. ^ .i 



J. p .L c X 

— . g . , pr 



::ui. OS r zo i 
:jriTied c>'riween t.n 



Lly syntnesi ze<:i usinc' 
or van I'US l.y iii'jdi f ioo 
mcirease tne o i. :■ 1 c-c: i-^a I stasd lity of 
reaso :no rinysis:al st-oility ot cno 
antisense and sense nuclei:' acios, 



ae- CE: r. oe 

t' ^""-^ 1 E e d t 
': -t I O'jrZ' ^ ra . 



e der i^^5:■: L'vo.s ano scndin-E^ suos: itu'ied 
ad. EixaiTLf'les of niadi tieai n.^o: le^jc ides 
renerare the anri sense nacleic acid 
If b~D rciTLC'U ra :: 1 1 , O-o.n 1 a ra-uiac i 1 , 5 - 



o)xyln\ezn y I ; liraci 1 , :: ^. rb^jxynieicaylarriinc'inethyl 

, cart^ axyruc t h y 1 am monie t hyiur a^ci 1 , 
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ntenyladenine, l-methyl'^uanine, 1-methylinosine, 2, 2- 
hy 1 guanine , 2 -me thy lade nine , 2 -methyl guanine , 3- 
I'jyt Lysine , 5-methy Icy tesine , N 6 -adenine , 7 - 
I'.-ju ani ne , 5-methy laminemethyluraci 1 , 5- 
xyamin'.)met hy 1 - 2-thi :>u racil , beta -D-mannc)syl queers ine, 
X y :: z b ex y me t h y i u r a c i L , - me t h ex y u r a i 1 , 2 - 
ie~:]'j- i S'jpent eny i aden ine , uraci 1-5 -C'xyacet ic aci'l 
wy;j j: ex js i ne, pseuac-uraeil , queosi ne, 2 -th i c-cy t. 'js ine, 
hy i - ^ - ::iC'Ur- ■:ic il , 1' - thi eiuracil , 4 -thi-jur aci 1 , 5 - 
I'-.Tdie i : , ura L l-5-';'xyacetic aciu inethy les te uraci 2-5- 
e\. i :: a'..:id [z- , 5 -m-- n hy 1 - 2 - 1 n I'ju lac i I , : - ( ?-ami j - 3-11-2- 
xyp r i:p:y 1 ; z.i-:xzilr ' 5;ct:': ) v;, an^.l 2, ^ -ciia:!!! n jc-ur i ne . 
ru^.ziz;e\z, zy.e antieeni-e nucleic acid zzxri ee icu^'jCiuced 
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n-l ^ zr t r ansia-: icci . 
nc i E:na I n\,;c leC't i de 



ex. J mpi^ 



ezzcic.Zy Z' term a .EC^oIe ■iepleXr o t , fcu' 
e ui .u"! an*. L.Een.E-^ n'_.:E:ie;rE: aeie. m.eleezle w'. 
cup 1 exes , *" n.rC'Ucr. S|:>ec: .i. tez znze r'a : r. i cos i . 
et zee aouoie nelix. An -E'xamjde zf a reez.e zt 
zrazz^je of antisense nucleic acid mclecuies zf the 
ee .Exclude ciirectE in^ectiEci at a tissue ^ite. 
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Alternatively, antisense nucleic acid molecules can be 
m'jdified tc' target selected cells and then administered 
sys cemical 1 y . For examrde, for systemic administration, 
ar.tisense molecules can be mo)dified such that they 
5 s^jeo" i. f ical 1 y rand to recep'tc^rs or antiqens expressed c^n a 
s^E:ie'::oeii cell surface, e . -5 . , oy linkinq the antisense 
n:.cieic aci:i mc'lecules to peptiaes or ant ihiC'dies which hind 
zo zoll surface receptors or antigens. The antisense 
nucleic aci:i ni-jlecules can also be delivered to cells using 
one vectO)rs described herein. To acnieve sufficient 
mo race 1 1 ul :i r ■iMmcent rar i - jns c-f the ano i sense mc'lecu 1 es , 
voozor :: on.= 0 ru I'os in wnicn zho an:isense nucLeic a'::id 
:^"0/i.O':-o Le iz o]a';:e'i .:nder :ne :''jnr:r-'jl jf 3 5:r'0ng pc)l II or 
c zi III p redact o r a ro pre t e r r eo . 

A], .^no:.r-r.se nuoAri:- -zio. :to1. ec^^Ie zt cne inventiC'n 
ca n ;je an o:-an-:-me ric nucleic- aide m^rdecule . An a-anc^merdc 
rzzoieio aciut nicde-::ule fcrms ^r-ecifio doutd e - so randed hytirids 
wion co:Tip:e:Tient ary F.!^]A in whi^'h, cc-ritrary t. one usual 
^^.oiLOs, one ii;Oi'ands run p'Or'aliei zz^ ea :.:n ctnor (oaultler eo 
Ul. \l9z~^ lojcleic Azia^'. Reo. 1 r : •: 2 u - o o4 1 ) . Tne ancisense 

-lecny Iruoi^n jcl O'joido (Incue oz ai. il957. 'JzzLozz Azzzis Res, 
: 3 : -51 3 1-614 0 i or a onimecio r;AA-3)!^A analcgue (Inoue et a .1 . 
:19c^; RKBS Letz. Z l j : l> Z I ~ l ll } , 

TOie 1 nvoot 1 c ^- 5 Isc- en c-^mp-a sees no c-zynios . ?.it>ozymes 
^re LUUtUxYtio F.NA m'j 1 ecu i e ;e. wrtn r 1 l-coujic 1 ea se acoivity wnoch 
ao oupao'le of ^^leavmg a s in^;: 1 e-s: r-a.r:deo. nucleic acio, such 
"3-:A, 1 ; 'vhiioi tnev uavo a ■ocinolement ar-/ rouiun. 



rr.eao r : oc^zyno' 



■ J y 1. : : - d n ;j t 
'O LIG'3't mF.NA transcript: 



thereby inhibit translation of LIG4 6 or LIG56 mRNA. A 
ribcizyme naving sp'ocificity for a LIG4 6 or LIG5 6-encoding 
n:<oieic aoid can be designed cased upon the nucieotide 
sequence <: f a LIG4ij or LIG56 cDNA disclosed herein. For 

5 example, a derivative of a Tetrahymena L-19 IVS RNA can be 
cjnsoruc:ted in whi'.:.h the nucleotide sequence of the active 
sit'i- I S :'':mpleinen^:ary to the nucleC'tide sequence t t^e 
cleaved in a 1IG46 or L I G5 G-encM'di ng mRNA. i'ee, e.g., Gech 
et 1 . 'J.!'. Picent -hs . 4, 98 7, 071; --.n-i Gerh ez. al. 7\ S . 

7 Patent. :ls . 5,1 16,742. 7\lternat i vely , LL^Kf LIG^tt. mRNA 
can ije us-Ed cj sele^-tr 3 catalytic R!:a having specifi:: 
r Lt'Onac lea se activity from a i:-j'j1 t-i RNA m-ilect; 1 es . See, 
e.g., Bartel and S = -:.stik (19o7) Science 2 61:14 11-14 13. 
Tne mventit'n alsC' encc-rtip'asses nutleii" s-iud 

regccatjty retiion tn-- Lii74 7^ t'l .21G7'j (e.g., ine 7;IG46 or 
21G77 prt:mocer- 5.na or- er.nant^E'i'S ) zs ftn;m ci i;:de n^z-lical 
7 strccccres cnac pi-vent. t ransciipt 11 n ot the LIG46 c-r LlGfb 
^ene m target tel^s. Gee tfene rally, helene (1P21) 
Ariticairsor Drug Dec. 6 ( lG : 7 7- : 4 ; HH-le:;e ;1 7 77) An.-;. M,Y. 
Acaci 2.- . 667 : 7 7 - '.o; ..no I7ah-r ( 1 7. '2 Bj :)acca_yc 14 ( 12 ) : 37 7- 



.2. Y y- ,Z. .liT^' 



:i:T/rnt£, tn-E nuclei:' 3sio iTol^tcules 
jti-t :ti'1c i 2 i ^ic a: tn*. Z'^se mcutE-tyU Sj.q.ar 
ba-i krC'C'i t !■ im^: r jt'^ , e.g., trte 
tAc;ci, (ir s o 1 uiiu .u. t. y •■st zr.o m<ii^EM.jle. 
X >u- 1 2) 1' a e h i s p n . z zt b a c oo c-ne of tne 
ds can oe midified t^i generate p-er.^ide nucleic 
hyrut: et al. ;1926) cor came A7edicina7 



y 'ir phospnat*-' 
2 1 t y, nybr idi i 
xarnnle, tne d- 
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Chemistry 4(1): 5-23). As used herein, the terms "peptide 
nuclei:: acids" c-r "PNAs" refer to nucleic acid mimics, e.g., 

uUA mimics, in which the deoxyribose phosphate backbone is 
if";placed by a p-seudopept ide backb'jne and c^nly the four 
n.:tural n-.c lei'b asos are retained. The neutral backr^one of 
r'lJAs nas Ijoen sn^own to alli'W f^i^r sp'Ocific nybridi zat. ion to 
ullA ami F:NA un:ier conaiti'jns of IC'W i^jnic: strenutn. The 
syntnesis jf PNA 'jligC'Riers can be p-er formed usinq standara 
Solid pnase peiotide synthesis protC'Cols as descrioed in 
Hyrup i^t al. (1996) supra; Per ry-C' ' P'eef e et al. (1996) Proc. 
Mitl. Acad. 5ci. USA 9:.: 14 679-67 5. 

PNAs ot Li:;4c or LIG:6 can be used tnerapeatic and 
i.aqnosiic aop 1 Lc:3t ions . Pc-r exampdo, PNAs san ioe used as 

Knula": ion of >rne -Expuessoin oy , i- . on , indi. I'ln^:: 
loanscr'ipi i.on :■ tians laiii^n aoiresi i>r inni;iicinq 
ropliocoicn. PXAs .if LIG4r ir LIGio can alsi. be usea, e.-. , 
in ine analysis of s m'jlo ;iase jiair muoacic)ns ir: a. oeno iiy, 
-.q., PNA iiroiiei; PC?. cl.ancin':i; as 'artifiiual r^ist i' ii:t i : n 
enzynief wwoo jsed m mm;! i nai i .m wniii other loizymes, o.q., 
91 n:.o . ^.11 1'S ;dyr...p ;1?:^6: =o.p)ra; i' r as :irc);ii^s 'ir :jrimers 



: aenc^ 
:fe O"* 



: no. 



/ij 1 1 ai Za I 1 



y rof: 



( 1 c ■ Pros . 9/,^ 1 1 . A sa :L 5 c i . ASA 9 o : 



\ ^. e 



II- emoi-dimenc, r'XAs if P)Pj^4 6 ir LIP-:-; 
CO enh,3.ni:i ohi-ir soabilitv' ii colli, i 



cn mi: 



:p'nilii- cr oonor help-ir gri-up, 



ormatic^n i^i PNA-LiPA inimercr, i 



u ^ ^- 



f d 



uc 



very kiiiwn m the 



. : r. rri a y i; orno i n e t\:e a u v a n i a g l: (.:■ u s p i o p 'i i I, : 



PNA and DMA. Such chimeras allow EiNA rec-jgnition enzymes, 
e.g., RNAse H and DNA polymerases, to interact with the EiNA 
portion while rhe FNA portion wc'uld provide high binding 
affinity and sp^ecif icity . PNA-CiNA chimeras can be linked 
using lin-:ers appropriate lengths selected in terms of 
oase sracrimg, numt-er of t'Crids t-etween r.he nuclec'tiases , and 
urion:ati-.o: (Hyrup (1-^96) supra). Tne synthesis of PNA-DNA 
::'himeras c^r, be c^erf'jrmed as descri;je(i in Hyrup (i99':o supra 
ar.a r^inn al . {199k-) Nucleic Asids Research 24 ( 1 7 ) : 33:'7- 
6"-. Fer •'xamp'ie, a J-''A chain can t'O synthesized on a solid 
sup::'L)rt us ing suanaaiil ^■n.z-spjh-jr amidi t e c-i^upd ing chomi st ry 
and modified nucleC'Side analogs, e.g., ^. ' - ( 4 - 

metnoxyr r i t yl ) amine - ^ ' -dee^-:y-tnymidi ne tinosijn'jramid ice, can 
ce .sea as a booween the ?KA ano one ^' onci of DXA iMog et 

. 1 ^0 -u "Jucxei c A :: . :i Res . 11 : 9 1^1 ?- ) . ?NA ni'nomh-i^s are 
tne^" I'oupieci m a s : -^jw i s Mianner z..o pU'tou^-e a on iiTi*:Ooi.':: 
mlicui^ wi:h a r' E'!:.- segment, ano a :' jKA segment :Finn et 
al, ;i 996; Nucleic Acids Resea rch 24 ( 1 '/ ) : :]i~~63) . 
Alternat ivei y, tin in^e i c m:lecuies tan oo syntnesized with a 
5' jNA segment ano a r'>;A segment (F'eterser et al. (1975) 
9o-ctr-anic MecL Rhenn Lett. 9:111 — 11124). 

In c trier emt-t t^inz-nt .= , the : 1 i 5 : nt: r 1 s : r i :tay 
incb.Ue t ther apitendcii g r : u|ts stcit a itept loes ■;. e.g., for 

::c.jC L ^ L tcit 1 1; c tr"anst-:u^~ across the z^ill mem;:uane- (see, e: . g . , 
^.etstna^:fi ez al. . 1 ? d 1 ; Rroc. N~iR., Acc::R Rui. RSA 9>::9::9- 
1 : c ; L ema 1 1 r e e t a 1 . i 1 J ^ ) Pro c . Na t J . A ::a d . .9 1 1 . cSA 
" 4 : e:49-t^:-2 ; PCT 9 .rd. l ca t .1 t-n K-j . W9 t / : 5 1 :o or tne iol .;.od- 
;-.:ai:i dmer (see, e.g., PCT Pub 1 1 oa 1 1 t-n Uo . WO o it^ L 1 1 4 ) . 
on auo i t .1 CO'-. , oligt-"iucleO't ic:.t:s ::an oe ni'tdlfied with 
yoi I ui t . ;..'n- 1 r lugei ea cleavage aaents [s^e, e . . , hrc;l et 



al. (19:-8) Bio /Techniques 6:958-976) or intercalating agents 
[see, e.:i,, Z (1'^'8 8) Pharm. Res, 5:53 9-549). To this end, 
the ijl i cfonucleC't ide may k^e cc^njagated to another molecule, 
e.g., a pep'tide, nyhir lei zat ic^n triggered cross-linking 
agent , r ransp^i-rt a^renr , hyk'ridi cat ion- triggered cleavage 
aaen: , ez c . 



II. Isolated E 'r oteins, Is c lated LIG56 Proteins, Anti- 

LIG4c ant ik't'di es, and An^l -L IG56 Antibodie s 

C'ne asC'Oct of tne Invention t-eitains tC' is-olated 
1IG46 or LIi:;56 t-tLiteins, and kd.'jl.:igical ly active p^'Ortions 
thereof, as v/ell as [Jhj I yt-ep't i tie fragments suitak'le fijr use 
as immuncigens t C' raise ant.i-LIG4t or LIG56 ant iki'jdi es . In 
cne emk!LjciiiT:-n: , native LIi:;46 t-r IIGjo t'toreins ^:"an ki^z: 
^ :--:_La tea r r c=m oe I. 1 s or tissue sources y an appiijtuu a: e 
purif icatict sc;nenie usin^:! stand.-iro prt-ct-in c -ur 1 fi t i i-n 
^ v-tni.iqi.S:S . Ir. or.ozr.er -rm;:o)oim-nt , LIG46 or lAG":^ t).r:'teins 



r :^mk' : n jXA :ecnniques. A I: s^ r:\ar i- 
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:es and anti;ojdios (and 



^tianis ::her-ea)f ■ are useful in the iTu--t ns-cis of 



. 1 



a. r^ 



all 



hRa--4', F.GIO-II, .tr Stralj.. Tnusa tn^ 



a ar Iqtp 

s -J e a t r ; k) e a 1 1": t n a ,: s e o 



x..-tt pc'lypep't icle: 



I'tn ZO'L the produz'totn and jse 
.nd variants thereof ar-ply 
JlO-II, and atral3. Antabodias dire::ted 
■ Stral'S are aseful lo the 



method c>f the invention. For example, such antibo^dies can 
be used to measure expression cif Tgtp, LRG-47, RCIO-II, or 
Stral:. in screening assays designed zo identify agents which 
modulate expression or activity of Tgtp, LRG-47, RCIO-II, or 
Strall. The description methC'ds for preparing and 
character iz ing ant i-LIG4 6 ano ant i -LIG5 6 antibodies 
presented bel-:-w can ;:'e applied to antit'C-dies oirected 
against Tg:t:>, LRG-4 7, Fi:iO-II, -i-r' Stra].:. 

An "iS'idatec" or "C'uri f ied" p^r-C'tein :r r i : Ic ical ly 
actiV'E' coercion tneiO'T-f is suicis tant lall y free ot i-^Eillular 
material or ozr.er Ciji-:tami nat ing f-r-jteins fi-'i'm the cell or 

.icn the prc'tein of interesc is derived 
, or sut'Siantial iy free frc-m -r-.temical 
:emi o.a 1 s A'hen chemi ca 1 1 y syn": nes i zed . 

r 1. . 1 " 

a r 3: : e-:i f ro>rCi 
IS J 1 .at ed 



1 1 3 sue 
: e . a . , 



:'ie fro)m wn 
'ir Z'Cher' 



. V" r~ '"^ P"! 1 r, 



11: = rz I y o r 
vhat IS su;:>so 
prepai'at iC'ns c t LIG4' 



I el 1 s f r jm ^h icn it 
Tn..s, hIG4^ or ZIG 



^ntiaii'^ fr 



.IGt6 or 



! r- e I n ; a 1 5 1 



r o me cl i ur 
volume of 



e 'if ifzliulai' material includes 
LIGjo p'rc'tein having less tnan 
'ir :^ (;jy ary wei':rht) 'if n'jn-LlG46 rr 
reter reo t nor'oin as a " ■rcr omi nat i no 
lAG4o ■! r L1G:6 prutein or- ru 'il'ig i -za 1 1; 
tU'Erzit is rz-:-^UT:t'ir.a. 00 1 y orc>ouzezi, iz is 5l.- 
s t a o. t I ::: 1 1 o t r o o o t :• u 1 o u r e moo 1 -^m , 1 . z . , 

reprezerts iezz than abi'uz 2 1;;, 11^, or 1^ 
the p^r^te in prep ar at i jn . When hIil4o :r LIG5* 
duced by chemical synthesis, it is preferahd^ 
tree of czemrcal pre::urs'jrs or zither 

It :s separated frzm chemical precursors. ; 
s w n J z n a I e i r'l v o 1 v e d r n t n z a y :": t h e s z z z f trie 
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prjtem. Acrcirdingly such preparations ot LIG4 6 or LIG56 
pri'tem have less rhan abc-ut 30%, ZOl, 10%, 5^ (by dry 
ive^igr.t) Df ■:;nemi?al precarS'l'rs or riC'r.-LIG46 or LIG56 
chomLcals . 

E'.iC'lC'qicaily active p^C'it ions -of a LIG4*:' c^r LIG:'C 
pi'-jtein in-::lude C'ep'ticies comprising amin-j acia sequences 
:5-^f f icient l.y identical to or derived from the amino acid 
seiruence of the LIG46 c-r LIGjo protein, which include less 
ammo acids :han the full length LIG46 or LIGjc ji^r^jteins. 



lease one activity jf a LIG46 or Llo'bc 



Tysu::ally, cu ol i c ^ 1 1 active f'jrtii-ns ::c>mi:'r- ise c 

L 'jne activity if the LIG4t:, or 
'050 pr^iiein. A r-i-jLigical.i y 3ct.ive pi r't i in I'f a LIG40 -ir 
G5o proiein lan ce a 1 1 yf er:*! iile which is, fi^r exaniTide, 
, 2i, O:, i:: ir iTMre amini' aciiis m lengin. Preferred 
:lcg:.ual ly a.itive r^cd yr:'et:)i i oes inili;de oui; :i mi^re 

Mi r II VI r-, liner: il ig i la 1 1 y aitivi C'iriiiois, on 
:cn iir:ir re:riini if z.r.o i^iotein are oeleoii, i.^:n o- 



pared t^v ri-ii>mDin in r 



eva lulled f'lr 'Z-y-.e or 



ubsr ant la il y iilent i 



oire of ine f^nciiical aiiivities id a nitive L1G4^^ or LIG56 
pri't e in . 

Orefi-irec LI0;40- ana LIG50 p'ri'teins nave or are 

II the amini' aiiil segi..eni'ii 
P r e f e !: r od o ii t e i ns a r e lulis t an: la 1 Ly 
:ieni±iai i;i ini^se disiliieii neriiin and re:ann tni- 
:O.UiCi :nc. aiiivity :'f tne iiritein yot oiffet m i:]T[ini ai:id 
i-rquer;i:e cue to natural allelic variatiin i^r mut ai:i nei i s . 

AC'ioii:;.inG 1 y , a iseiul OdG46 ^ritein is a :iritein 
lOii^'V: inv'luoes an amino acid seguenie ai least ab'-'iit 4 ': I , 



amino acid sequence of SEQ ID NO: 2 (or SEQ ID NO: 4) and 
retains the functional activity of the LIG46 protein of SEQ 
ID N0:2 (c-r SEQ ID NO : 4 ) . In other instances, the LIG46 
pri^rein is a prc'tein having an amino acid sequence 55%, 65-., 
7:?, ■? 95%, or 9h> identical to a portic^n of LIG46 having 
homology zo a g^alaotOisylr:ransf erase (e.g., amino acids 192- 
II , 142-1 :4, 2 Jl-2 9^, 289-347, 1 40-18 ?, ?t7-391 , 177-266, 
^9:--:'4:., r" 14 2-184 of SEO I il' N(j:2} or a neuri^genic secieced 
s:cn.^.ll inir i:'rc:.ein (e.g., amino acids 2 00-2 ^^1, 2 7 0-,: 54 , 1 4 4- 
1:^, 3.:0-:.:M, or 211-24:: 'i-f SEQ ID NO : 2 ) . In a preferred 
eiTiiiMjciinen t , tne LI04 6 P'rotein retains a functic>nal activity 
of tne LI34^: t'l-jteir; o: SEQ ID N0t:2 (c-r SEOi ID NC':4). 

A jsofci LI 0 53 orc-tein is a f^rctem wnich includes 
an o.iriir.0 a^Md sequenre a: 1-E'ast at^jui: 4 5!., ic^re f e raol y 55i=, 
'■. ' r ~ ~- r ' ^ r ^ ' f = ^ 9 9 ' 1 COT/: 1. I: .~ 1 z o in-r aminC' id 

A tne 2I3;-.- or-.zoi-. of SEy ID NOc - . 

Tc ceter:T.ine the p'ercent ioentity ot tw: .amm:' acic 
szcoono.os oi oi tw: nucleic acias, one sequences are aligned 
fc^r c:p:LmaI ccmC'ar i S'jn pui'P'C'Ses {e.g., (jap-s can iae 
^CT r ::;aa.ce'::; ^n z:zo. se-:{uen::e of a first amina' a aid :n: nucleic 
^^cid sequ-ance tar a:aciiaal .3lignma-nr A-ian a soaaaac ami na- or 



aaae) . T 
r a^apan ai 
; :". E- are : 



.3.mia.a .aciai re si aiu*; 
oil. I z.z a a 1 a( o a a i : a^ 
:. .:aiT[a'a r~-aai . Wa.en 



. ja as at lain, an 
f:rat so'^aenae is a'Ca:..4a i eai ]zy tne same amina' acial 
..d:^e or nuala-jtriie as tne a:a r i e sp anal i ng p^a'Sitian in the 
)na sequenae, then the mada::ules are identical .at chat 
.aaon. The per: en t aoenaicy t'ecween a he twa) sequenaes as 
c:^-" -c' the r umber ■zt identacal positions shared 

a '.^ - .a ■ .: - a :. . ^a . , i ue n a a a ^ n or l ai e n t. : a c; 



'■^siticTiS /"total # of p.»ositions :•: 100). 

Tne determination of p^ercent hc-mc-logy h^etween two 
■equen:'es can be accc'iric'lisried using a mathematical 
ilgoritnm. A preferred, n^jn- 1 imit ing example c-f a 
i3*:hemar i'l^al algc^rithm utilized fc^r the comp^arison of two 
■•eguen'-es is the algorithm of p:arlin and Altschul (1990) 
-z-)c. ;/.3t'i AcacL Sji. USA 3 7:2164-2268, modified as in 
:3rlin and Aioscnui (1993) Proc. Nat'l Acad. Sci, USA 
t^ : 5 : 7 : -5 : 77 . ;?uch an al g-orithm is incc-rp^'ji ated ±nLo the 
:7LA3T and Xr.LA3T programs of Altscnul, et al. ( 1 9 ! J. 
lol. Biol, 215:4C^-410. &2AST nu.:leotido searches <:-an be 
iorformed with the iIBLAST pircaram, scs-re ^ 107, W'jrdlength 
.2 to O'Otain nu ::lec't ide sequences h'smsdc'gc'us Z-o LTo^-j or 
d7:i56 njc;leic asici mc'lecules the invent ten. 3LAS1 
rct-ric searches oavi oo. p'Or'f ririeci with rhe >!BLA2T toroorram, 
:-?ro -~ ^73, u (srsi Len-.i t = : z : ■jT'tain amino= acic: oe :: _;--n oes 

o\'eriZ.i or.. 7c o;ooa:n gaf^ped alignments fo-r o:0'm;Oa r i S':>n 
:._.r:po.s^ , 7appeo; B17vST can ;oe _;Oilises: a.z deso:r' iloec^ 7n 
hoso:no.. et al., il:^9/) Ncci ei o A o lo/s Res, o - o 1 : 2 . 

0. 'zO uo:li2ing 77.77? and 7-atotoe«o BLA71' prooorouTis , tns 'lefault 
;arameoer3 of one i-^-jspeo:t i ve i:i<:igrams to . c . , 777.:, All' .:;nd 
]B7AST; can ioe usee. See httjo:.' ^www . no:;o i. . nliin nin . gco^ . 
u"i'::Lnei pref-:rreo;, nc^c- L iioi 1 1 nor exaiccde o»f a matneina: i oal 

1. ccr:^cc"r, ct:Ii2ed r'or tns o"0;mio.:. r nsooo ■of: se-oo^enoes i.o the 



. . y ^ ^ 



n 



d Mi 1 



Ml I Ler, * .nr. 1^ 



V 1 0 1 0 ; . o o.o'n ar 
OS on oo^rpf ^rat ec lcoo.) oio^r 7-.hI'7:\ poc'^or-am (cersic: 
: :o part ^jf tne d7:7^ ^^:Oo^encs alignment rodtwar^; 
Wnen jti lazing one ALIGN ii'oogrom fo'i oooTL^oaring 



;odiie tattle, a gap 

gap penolty o)f h can be uo.ed. 



The p'ercent identity between two sequences can be 
cieterminec using techniques similar to those described 
above, With c^r without allowing gaps. In calculating 
percent icientity, C'nly exact matches are counted. 

The inventiC'n alsc' provides LIG4 6 c-r LIG56 chimeric 
CI fusion rir'iteins. As used herein, a LIG4t: or LIG56 
" :::h iiT'.er 1 c r^rc-tein" c^r "fusion prC'tein" cc^mp'rises a LIG46 c-r 
LIG5^: P'0 1 v-oec't ide 'i-p'Ora : i ve ly linked tc- a n':'n-LIG46 or L1G56 
polvpepr r:;e. A "LIG46 or LIGf6 polypeptide" refers zo a 
P'j 1 /}jec>t: i':io naving ar; amin-j acid se^iuence r I'ospHjn,:! [ ng to 
LIG4': c^r hIG:o, wnereas a "n:o.-LTG46 or LICijo r:"jly}:)e;jt ide" 
ref^rro to a ccd '/p-e;:' t i ':;e havin-:: an arTdnC' aoio sequen^i'-H' 
cd) r ::esp>on':^i nc; t.'j a pir^jtoin wni:::n is noz sujjs^ ant. la 1. l.y 
LGen*: i.cai t: c tne L1G4':' jr protoir., e . ■:: . , a iji-jLein 

/^r.ior; is ii: f 1 - .r-':^nt t roni :.ne LlG4o or LlGz-o oi'orein a:".ci wnich 
is /i'>^ive^:: fiO'iTi zh^z' ~ anio oi a OLff-i'iont o i:o.}:V. i zu\ . W l : n i n .5. 
.idi;4'i CI ilG^i f OS i p'rC'Cem rne .hrG46 oi 1>':G:-o l^o 1 ^'r^epit ide 
ran c-jr rest:ono zo od i zr a p)':'rci':'n ot a LIG^^:' c-r LIG':':' 
crc:coin, orot^^raolo az leasr 'i-ne i td c-gi i^a L 1 y a::tive CMjrt i.on 
::f z. 1IG46 or LIGS-- i:'.roc,ein. Within the f.sjco. protein, one 
:eo::: "cperatively i]\<etl" is incenoeo t intiit:atc t.h.jt. tne 
:..TG46 or LiG:-: t-o 1 ypep^t loe a:\o ore nctt-LIG4': or LdG^-: 



vceot lae 



f use'd i n - f raitit- 



CI Z'ZZj 



or. The nt'n-LdG4' 



o i: :to nos z.> r 



•oeot I ae , 



G^cT-Id :-4 



LIG: c 



wnich the LdG4^i c^r LIG5'i sequ-E-nc-es ai'e 



.-terminLis oi 
: a ilitate tn- 



:ne oco sequent-o 
our if 1 tac icoi if 



Guch fusion 
t imtiinant 



: - :ri b o a i m e n t , the f u s i n pi" it t e i : : 



pirc'tein r.^jntaining a heterologous signal sequence at its N- 
reriTiinus. Fjr exampde, the native LIG46 signal sequence 
(I.e., aO'jut aminC) acios 1 tc^ 32 of 3EQ ID N0:2) can he 
removed ar.a repLiced with a signal sequence from an-jther 
p^i'i'Cein. In certain hc^st cells (e.g., mammalian hc>st 
cells), e>:p*re3s Ic-n anci/cir secretic)n of LIG46 can be 
iC'^reasec thrC'ugn use ot a hete rolog-ous signal sequence. 
For ex^iiriple, rhe gpitV secret-jry sequenc'e of rne haculovirus 
er.vehjoo circ-iein can oe used as a net er-jlcoC'CS sicfn^l 
£ •£-qu*E^:"i :-e {Current Prot?cvls m Molecular Biology^ A:.subel et 
al., ecs . , Jonn IViley ^ Sc-ns, r?'?2). (Jther examples c-f 

<a ryc't i c ne: oro Icicc us signa 1 sequences inc lude ::he 
sec r^r'Cii y sequ'Ences of melittin and nunian ^dac*^ntai alkaline 
priospYiotaso. ( St ratao^ene ; La Jcdla, Cal i f c>rnia ) . In yet 
■:^.oo'zo^\:\: examrde, useful r^: kar y-jt 1 ■:■ heterc h^gX'US signal 
e-jaetice s i :;-^d '^ae z :.o or.oA so oi Z' r\' s i ^na 1 [Mu J eou 1^. r 
t: y. "xr:::uc c- <: oz a.!, zozor.o ooizii'r., Colo, sluing narboi' 



emhC'Oimen t , tne fusicn pr:cein is an 
2c24c zi 2 IG : t - iiTjiiuX'Sad ■j;:'U 1 in fusisc. pi-otein in wnicn all or 
pait ijf ilG45 <: r L12-:o is f...5e':;. Z'Z oozrior.ooo oerivec; frc>m a 
:rei::oer c:v the immun i^g 1 'jijul in pu-^'Uein fami.ly. Tne hIG46- 

ooor.00 1 a tec : r. t ooa .r niaceut i c =: 1 zonyoo^o i z ic n.- and 
■i'-tt^i"-.^ B L erea r (;.; aoo]ozo z/o irin.itdt ^n m: -ri a^Jt ion ; 



e t A en 



Lganc anc^ a L12.26 ijrc:ein on the stiia'i-e ot a cel_ 
^y suf'jtr^E'SS LIi25c -mec;i.j ted signal t r ans'Hucit i t^n in 
: LIG5c - immuncx^loli'Ul in fusicci p'tt^teins csn oe used 



ne cd'javailatiil 



a LIG^ 



:nate 1 i qand , 



r e LIG 1 6 t mm u rt t g 1 ■ j b u 1 1 n f u s i ri t: ' r C' t e i n s 



:he 



invention can t-e used as immunogens to produce LIG56 
antibodies in a sutgect, to purify LIG56 ligands and in 
screening assays to identify mc'lecules which inhibit the 
interaction of LIG56 with a LIG5G ligand. LIG4 6 fusion 
proteins can be used in an analogous manner. 

freferaijly, a LIG4 6 or LIG56 chimeric or fusic-n 
prc'tem of the invention is produced by standard recc^mbinant 
DNA tecnnigues. For example, DNA fragments coding lor the 
di£f'E:rent ocilyji^ept ide sequences are 11 gated tic^gether in- 
f ram^i' in aci'-ji fiance with cc-nventi onal techniques, for 
example oy -E^mtdoyin^ o lun: -eroded or stagger-ended termini 
ret ligari'i'X, l es t r i-::t i o-n enzynie oigesticr: t prcivi-:ie fc-r 
oPC't c^P r i::; t-^: to rmini, fill! no- in -tf C'l hesive ends as 
ept^t'jp net e , a 1 ka I i ne tcjjst'h- tase t teat men t tt' avC' !•:[ 
■..inoe.Ei raole ]cdnint:o an^:; enzy:iiat ic li^ati^jn. In anjtner 
emro'u iitent , tne f-j~ion :;ene zb.:\ oo syn t nes 1 z-E-ti by 
c o n vo. n 1 1 o o i. 1 ": o c n n i qu e s i n z 1 a zl i n g a u t z ma z e d DeC A 
synzzes i ze: r z . Aloe mat i ve 1 y , rCr". amcd 1 f 1 ca t i EEn z^ f ^ene 
fragment z zazE r-z carrie'ii Z'L,.t z;zing anz-nz^r C'rimerz which give 
rise t Z) z:Z)iriZi lemenr ar y z-ve rziangs ii^z-t wez-n t WiE> zZ'nsez'u t i ve gene 
:raz:ze:EZz znicz. can z oZ'Zeqzer.: 1 y z;e annealed Einzi r^e Eimcd. i f led 
zz qenz;r£t.e a E:nimeric genz- sequenz^e [see, e . :j , , C-jrre:-it 
Prczcc:\l5- m ME'iecjizr i^zziz'yy, AusuiE'el et ai. ezis., Jz-nn 
Valley Sons: 1^92). Ki'rezver, many exr^ressirn vect.Z'rs are 
. ■^zzzie I ^: L c; ^ ^ y rzzazlable -^ziar ready enz'c^zie a Eazizn iip^'lz-oy 

z.a., E: GST DO lypepziz;.e ) . An LiG4-:'- z^r L I G : o-enz,ozi 1 n ^ 
z -z 1 z ciCio can be clzned izirz zuzzi an. exp^rz:S3iZ'n vectZ't 
z ..iizE rncO. zne i zsiE^n mc ief^' is linked in-frame to the L1G46 



present mventizo. aiso pertains tz variants zt 
: LlGzb oroteins wr. lzO fcnctZEEn as e^zriei L1G4G 
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or LIG56 aq-jnists (mimetics) or as LIG46 or LIG56 
ant aqon i. St . Variants of the LIG4 6 i^r LIG5 6 p>rc'tein can be 
generates:! tiy muta-genosis , e . -ii . , disorete f-C'int mutaticjn or 
rrun-^atron tne LIG4 6 or LIG56 piiotein. An agonist c-f the 
LIG46 i-r LIo-;j6 p'rotein can retain substantially the same, c^r 
a subseo, C'f the bic)lc>gicai activities of the naturally 
C)c::urring fc-rm of cne LIG4o or LIG56 protein. An antagonist 
of orio LIG46 ^jr LI Goo pre- tern can innibit one or ni'jre C'f tne 

IV i : ICS Z'L the naturally ocirurring for:\[ jf :ne LIG4 6 c-r 
1IG:)6 :jr'Otein by, tor e>:5imple, .^C'HLf'et it i ve 1 y hiinding zo a 
a;jAnsore.^m :r ut'Siiream mem>jer or a cellular sicinaling 
casc:ad'E' whicn includes tne L1G46 or LIG56 r^rotein. Tnus, 
3pec:ific D I'l I'jgical effects zan loe eliciteci by treatment 
wirn a variant -if limited :uncti':n. Tieatment of a sujc^ject 
"■.v:r. o "/sriEiv: :ia.vin';i b suliset -I't tne o i 'j bigica 1 artivities 

rne nsturail;/ 'ic:::..a.mng- f'ir':u f :ne iirviein lan nave 
Z'-::-.^--- r.^oe -zO.zz^zoi I r. ~ol::y'Evv, :el5:iv^r t-: t r-'va vmen^ with 
'Erie v.a : 1 a . O'lo ^ r r no' iccm :ne IIG-^S it Idti56 oroiem.E. 

EE^riants f toe LJG4c ii hlG-ic frct-Ein AOEiin 
function as eitner LI(j4o ir IdG:': agonists (mimetics) i-r as 
■ ^ ' LIt;t6 antag:nis^s ::an oe identifieo h\' s-ireeninc 



:omb El nai 



Lir-i a r i es : t mu i b: 
le LIG4t 'ir 'LlGz 



\noaz. I C'fi 



I Idj];: o r'ri t'i in fc-r hIG4c cu hIGic 
I :i ciUonisrE or a:i *: airi':i ...so aiiiivii.y. In c;ni eiT:;E-jd iment , 
::^jcV.:o liiiisrv i^ f 1-11:45 ir l:IG:-5 variant;- ii oor.orazo'.. 

EVjoei by a va r leua: 'E'^:: >5no Library. A vaiiecEiod 

ly of llG4o I'r '^IG'ze E'^riants o^n oo oro&ozed oy, fc^r 

le, enzymaoica 1 1;,' Jicrating a mixture if synthotii- 

r:un : .-ot ides into gen^= sequences sui'h that a degenerate 
o- u...-::- lal LIG4o or LIG56 seaueni:es exiE'ves s ible as 



individual p'C-lypept ides , or alternatively^ as a set of 
larger fusion p^roteins (e.g., for phage disp-lay) containing 
tne set i-f LIG4 6 or LIG56 sequences therein. There are a 
variety jf methods which can be used to p-rc-duce libraries of 
p'ocential LiG4»: 'ir LIG56 variants from a degenerate 
o 1 ig-muc 1 ec)i ide sequence. Chemical synthesis of a 
degenerate gene sequence can be performea in an automatic 
DNA syncnesizer, and the syntheti.:; gene then ligated into an 
apprjpri = :e expvress i'jn vect'Or. Use C'f a degenerate set of 
f':. r the p)r-:'vi si cin, in i-ne mixture, C'f all of 

enri'dmg tne aesir-E'd sot f pi-tential ;LIG4t. c-r 
:0'S . Me: n-j':is f'tr synthes izinir 'de'i^enera t e 
<:ies 5 re knC'Wn in :no ar't (see, e.g., -tarang 
'e:/r.:)n ? :^ : }■ ; Itakura et al. ;i^^?4) Annu. Rev. 
: ; ItaKur ^; et al. (19:4) Science 1:^5-: IGto; Ike 
Nucleic Acid ties. 1 1:4 77,. 
2;izi:r., liC'taries if fraoments :1 the LdG4£ jr 



aen^ 



1 : 



alhiws 
equ-nci 



:OiO 1 n 



a no 



si'qui:nce 1 ragirii-r 
strandea ?Ct. f"r<: 



igme 

^n-der 
Tiilecul 



■jt 11.G4': i^r LIG5^? fr-ai^ments ii^r- 
nt selection if variants of hIG4^: i^r 
embiidiir.en t , a Li.;irary ill cMiting- 

I'f a L 1(^4 6 or LIG56 ci'ding s-quenco 
iMniliti'jns wneiein ni iking icMurs '.^nly 
1:, ilen^tcring tne ooHjhde striuioed oNA, 



-io-:;tirin3 : :o:' DNA t fi=rm diu;jli: 5:rani:i-ii L'NA \vni:'n car: 
c<: 1. :...arr :seni e / ant i sense iia i r s : rem i;^ ft o r -int n 1 1: -le':; 
: r c'ii-:^". s , remciv ing s in gl<i s t randi^ii oc rz. 1 1 ns f nan r- f i-rmiril 
c..c^.-ccc cc treatment witn SI nui:le5;3e, ana liifatifig the 



r aqinen t i lo r ary 



exr)r^:S SK 



o n 



:ar 



lari ue ueriveu v/nicn 



enC'jdes N-terminal and internal fragments of various sizes 
of tne LIG4':' or LIG56 p-rotein. 

Several tec:hniqaes are known in the art for 
soreenina gene pr^i^ducts of comhdnator ial libraries made by 
P'Oint muoaoions c-r truncat icm, and for soreening cDUA 
iLoraries f^jr jene parc'duots having a seleoted prc^perty. 
Su'::n tecnnigues are a-iaptatile for rapid 30.reening of the 
g e : ; 1 1 b r a r i e s genera t e d b y t h e o c^mb i n a t o r- i a 1 mu t a e n e s i s of 
LlGAo or L1G56 P'ro reins. The mc-st widely used teonnigues, 
wni'::n aro airienakde ro high tnrc'ugn-our anal;^-sis, foi 
soLoonioo lar':{e ■::ene lihiraries tyiDioally include ::I'jning the 
oene library intC' repl icable ext^ression veot-ors, 
r r,3ri3 f .J riTiing app'ro-pri ^ t e cells with tne resultin<;i library of 
V e ' : c < :) r s , and e >: p ' r e s i n g one c ■ :> rii: d ri a t ' :» rd a 1 oones u n ^ :i e r- 
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desire a 

..^ Oi az \. Z'Vi of tne v^^'i-^-jr encc'cdno' 
io. t e :o e :l . r:ec rs 1 ve en^ emio 1 e m a: ag 
CM on enhaco-es zoo tioq..or,o.y of fur 
.e 1 irur^r i^oo ran ire r.seo m rr^ir^rir 
} a^oays zo iaentify LIG4 6 cr LlG.:-6 
arc Yr^urvan (Irri) Prr::. Natl. Aoad, Sci 
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A:- irrl-:ao LIG4r rr IlS-rt Cvorrem, ^rr . 
^:t:'.er'_ "Oiereot, :ran ire used as en i inmunr-r':: n t 
.rocurr'S mat ow.o LIGl-j rir ljh^J:r r..ring r r .E;nu.5;.rri 
:hnrques for rr lycrrinal rrrd mr nr^o 1 r^noi 1 an~ ikir'(:r/ 
^parar^tor. The full-leng-tn L1G46 r-r LIG^-: ptrrt.em can be 
^ri or, a ^ r e r na r 1 vel y , tlie inventicn r-rC'Vicies ant icifrn ir: 
o...roo :. ragr;ents rf LiG4r: r^r LIG5c fr-r' ure as immunogens . 
^ .no. ore:"ir peptrde of LIG46 or LlG5o c<jrnC'rises at least \ 



(preferatily 10, 15, 20, or 30) amino acid residues of the 
aminC' acid sequence :-?h-:iwn in SEQ ID MO: 2 and encompasses an 
epiz-jpe C'f LIG46 'Or LIG56 sucn that an antibc-dy raised 
acamst the pepticie fc^rms a sp-ecific immune r.omplex with 
LIG4': c.r LIGe5. 

Preferred epit-jf-es encompassed by tne antigenic 
peptide are reqi-ons 'jf LIG4 6 or LIG5b that are located on 
tne s:^iface tne protein, e.g., hydrophilic reqi>:ris. 
Hydr'jtjni i i'l: r egi'jns and antigenic regions can be i'lientified 
ocin.^ st-~r..d^io analyric.ai cC'Ols wel 1 - ^^inC'Wn to those skilled 



A .:iG-4c :r LI'2:£ im:T[cn::ren tyri-ii-^lly is use:; t 
prop^^LO ar:ZLO-jOies op i rruriun i z i ng a sui:.ar:ile subje'i'i:, (e.g., 
raobLi, zc^/i, mooso 'jr jtner mancnal) witn z:.o immun^jcien . An 
ciOpr':'0.r la : o lumi^s^oozoy. i :: r^E^C' 3i r a t i^-n :'an cent a in , fb r 



:-xa:ac i. e , 



T 



I'2^:'6 rE'r'jtein or a 



;"ia ' s 



1 yr^ep't ide 
ao: , sucn 



::C':'ini:' i nant. ^ y exr:' ressed LIG-l * 
syn:r.esi ze^:i 1IG46 ^: r LIG^o 
c.-^n furz.ner- in'::lu'::e an -d' 
:mi:de:.e Z'l' in^cmp-lete acj .v,: 

.latc-ry agen: . In-inun i zac i-jn of a s-^itai:d.e subject 
-'-ion -j.o ic.iaun.ogen 1 : bi:^4': c^r LTGoo C'rer^a r at i ■: n imnuc^E'S a 
polyclonal anc.i-LIG4r- z-i LIGSc ant ic-jciy rosfcnse. 

A'.::C': rdi n y , anc-tner aspect ot the invention 
perrains tc; anoi.-LIGMo LlGz^z- sntiO'Oaies. The cerm 
"an: ijx:ay " as :.ised oereir, refers to :_mmun jg bos'U 1 ± n mc'lecules 

o ^ i , I.e., it; :■ i c j 1 e .: 0 n a c :: o n t i :: a n o n : 0 g 00. or 0 d 1 n g 

r-:zo ^v!:.Lor.. spe.:: 1 f 1 1-5; 1 / tdnL:ls an antrg^i-n, :ocn as LlG-^o or 
lIGat. A -clecule woizri specifically icniis 1 1> Lbi45 or 
GP~'-',r ;.s r:K::lecule wnicn bines llG4o ir LIGjo, oui does not 
:-'ar-io:j 1 a : 1 y oirid lather molecules in a samp'ie, e.g., a 



bic)lc'qical sample^ which naturally contains LIG46 or LIG56. 

Examples of immunologically active portions of 
irrunun'i-giobulin molecules include F(ab) and F(ab')2 fragments 
whicr c.Ein li-e generated by treating the antittC'Ciy with an 
enzyiTL'i Sucn as pep'Sin. The inventiC'n provides polyclc>nal 
and iTi :n ::c I c-na 1 antioc-dies that bind LIG46 or The 
zeim "m:>r.c ■::lc'nal ant ibc-dy" or "mon-jclonal anz ibcndy 
compels i t i c n" , as useo nerein, refers to a pC'P'ula t bon of 
anziozdy iTiC'le':::^les that ccintain c-nly c-ne species cif an 
ant.ioen t'indiri'j sire cac^aljle c-f immunor-eact i ng w^ith a 
pa rt i :val-a.r ejjit.C'f'O of LIG4o or LlGzo, A mi^nC' c^na 1 antibody 
coRipC'S i^:jcn onus tyfdo:aILy displays a single ;jinding 
alrin.io:y ton a p-ariicular LIG46 or LlG'z'C c-r-i-tein with wnich 
i t immune J re ao/z s . 

1 >o.. 1 : no 1 .^.r:ti-hIG4c :-r' ant i i:-:":; ies san oo 

oropi^noo as ci*E;Scr iio-E-:; at-jve 'oy immunizing a s.^ioa;:de subject 
Ait.n =. 6 I.Iliio iirmuno^'z-n. The anoi-LIG;46 or LlGab 

anc.cbid/ ::oer m : ne iir.munized suiijeio aar oo iTijn i t o red 
ever z ^\ao a--o azar.oarz. zo zr.r.i y..os , aa.o.rv as v;itn an enzyme 
- mkeo imiTL-..n(isins>en: assay {EL ISA) -^sing- irani-oi Li zee; LIG46 

z i::At. If :ie~ire:i, cne am L;ii'dy :tm 1 e ::uT. es cirected 
ugaioso TIiI-4'I ir LIG:6 oar ioe L.sc-i.ii-z;o trzi\ the mamn,al 
■.e.u., f r e^m rr,o oloz^a) ar.o fur-oner |ju r' i f io':; ti-y w-e; 1 1 - kni'wn 
eecUnigues, sazzi az onoein A zr.i oinaz oo r Sipraa zo ootam the 
laG : r 3 :uoo:r: . hz an ^otEU'C'eii' ieete- ziii^e atr-rt:' imiTv_:i i z a : izo: , 

::ignesL., an t i;E; E^dy-pr idu i in ^ zalls 'Zan oo ■E'iE'tamed from the 
sur^ject aniEi used z a p'rer-ar-e :xzzroo-Lz.o\^l an t it^c-dres t-y 
s^anUoru tecnniques, suzh as zUe nylz tridc-mE^ tezhnigue 

■. u : !-a A/ deszrihjed by Kohlei and Milstem (1375; Nature 
. ' ■ z : 'O'- - - zzo numan b cell uyoridoma tecnnioue iAzzhzr ct 



al. (19S3) Immunol Today 4:72), the EEV-hybridoma technique 
(■:ole et al. (1935), Monoclonal Antibodies and Cancer 
TherapYr Alan R. Liss, Inc., pp , 11-96) or tric-ma 
tcchnicjues. The techncd^jgy for prcducinq various antibodies 
m-jnc' ::l':r:al antiki<jdy hytir idomas is well l-inown (see generally 
C/.^rrent Pr^jtoccds in Iirununc'logy (1994) Cc>ligan et al. (eds.) 
Jjhn Wiley & S'jns, Inc., New YC'rk, NY). Eiriefly, an 
iiTLmc-rtal cell line (typ-rcally a myeloma) is fused to 
lymtohc-i'^'tes (typically splen-jcytes ) fr^i-m a mammal immunized 
witn a IJC-;46 C'C LIGS^: inmunc-cen as Uesc.rio>ed at^ove, and the 
c I : ...I'r sur-e rn Sit fines ot the resultin':: nyt^r idc>m5i cells are 
s :■ r-E 'E'n^E o zo^' i.t:ien:ify a h ^'lu rid i^na piC'Cuiung a m E^n :)■:: L^nal 
:-ict.ioocy zoat c^mds Lh:4- oi 1IG56. 

Any of tne man>' well kni^wn p^r c^t C'Ccd s use^o tci fusing 
X ymc'ncc-.y t e.E and i imior t 5 .: i zee ■:-ell lines can oe a}:)plied for 
tne o-...i:p)Ose of geneiatirig an 3nti-LIo4 6 cr LIo:-^ mi-niEx^lcria 1 

i;EHE-::y ^ -eo, e.g., '1 ::rer:z z'l jtC'C:ds m Immun'j h:cj y , supra: 
lEifre ec al. (1?77) N^zjre 1 i : ^ ^ I z- ; o.H. Kenr:e-tn, in 
A:::c:n:o":ai Anzibodies: A }Jow j i men s i.-^o in Bivlom:'^^^ 
AnalyseSr Plenum ? .;h'-^.i i 1": l ng C:rp., New Ycrrc, New Y m- k 
■ 1 : , ; ana Lcrner p: ? : : ■ Y^i.e J. Bi:o. Med,, S : 3 : " - 4 Oi . 
?4creciver, cne ■: icimari 1 y s-:illed vJor\<zer will ac-iEre e- i at e tnat 
mere are man;/ variati:ns c-f such methO':;s which alsC' would 
OP useful. T;/i:d :^a 1 1 y , \]\o imnn^rral S'S'll line ( ^i- . g . , a 
::.ye l .;oi.:i 1 \ i :\o ) i s ■::(- c i vc'ii f roui the same mammal i an 

::'nec:ris ::.s ^.ho I y'mpnocy ■. s .e . ::t r exE^iiiod-, murine-- nymcC'ma^, 
' CE ; -E :;::EE:ie c\-z r..s]!EC : yiti:j:"EO-E' y :e e E:- fi:"E.):r; E: moEose c:iTn.nizS'a 
■^'■'.E-:. .^n irrmun^creoic: pi'-r pa r'a s i E^n ^.u :.ne present .nv-En::is^n 
wEsn ciO ..:rmor: al i zee iivrus^E; os L I .me, e.g., a myelr-ma s^ell 
.-ir,e ri'iriL is sensitive to luliurE; mediuni containing 
iiyp^.^:':(uriir ine , aminiipterin and enymiUine ("HAT medium") . Ary 



c-f a numloer of myeloma cell lines can be used as a fusion 
f^artner acojrding to standard techniques, e.g., the P3- 
Kol/ 1-Aq4-1, P;-.-x63-Ag8 . 653 or Sp2/0-Agl4 myeloma lines. 
These myeLi'mE; lines are available from ATCC. Typically, 

HAT-sens L 1 1 v-^' ni'juse myeloma c:ells are fuseci tc mr-use 
siJienocy:e; using p'Oi yetny lone glycol ("E'EG"). Hybridoma 
c^Ells r^E:Sul:ing fro-m t-e fuslz-n are then selectee using HAT 
meciiaiTi, which kills un fused and urip-rc'duct ive 1 y fused myel'Oma 
cells (unf jseo scdenocytes die afcer several -cays ioecause 
they are n:: t lans f C'rnieo ) . Hybridoma cells p-r'-jducing a 
mc^nc)-:: lonal antic^C'dy cf cne invenriC'n are detected \:^y 
s::reening :ne ny: 



.L I c 



s 1 : 



:{ard EL ISA 



S'jlated ;:'y s^reeninc! a. 



: -E r r.a t i v-e t ■: c re oa r i nc; m : n^^cl C'na 1 an : i I: 
: rez.irio hy;:)r i c^:mas , a m^jncic: IC'na _ anc i -:iIG4 o or 
loody c^n i .iien^ : f i eci a.n':i 
:oiTiDinan t E^^ni;:^ i na t r la 1 inuriunogi.E.ii^ul i n 1 i;:' r a I'y ( e . g , , 
ioc:oy prC'Eie oiscday liijrary) v: :n Llolo r LlGl-c zo 

glc);jui in lii.'C^iry memr-rrs cha.: oin<: 
f:r genera^ i.nc: and S'::re-rninc ^jnag^; 
■::':'iTUTier'Cial 1\' a^'ai latd-r (e.c. , *:.:\e 



an 



IS : 1 ziZ e i:raTiun' 
1 i.r ra r i es are 



.d I 11. :a V 



z oiubLoant. Phaje Antib '^:iy System^ l-acabig Vhj. 
rio tne .: e ra*, .acene 5 l: r f P Pnaje Ln,splay Kit, 
. a 1 C •: 1 ; . Ac^d i a i. (jna 1 .1 y , 'rxamru ei :> f m^E^: n^jcis 
3 rcic.. i.-E;rly a.rrLena;:>l e tor use ii; cen-E-rat mc: a.n': 



^creenmq ani ro'. 



di Slid ay 1 i]:'ra.ry 



t ound m. 



^xamcle, U . . E'atent 
'a / 1 - 1 '-.^ ; r-lT Pub I ica 'E ion No , V 
v:y ^nj/.dj^gi; pct ?u]cdi.caci^ 



: , 22 J , 1 J PCT 

2 1 / 1 72 7 1 ; PCT Publicat: 
lT: . W2' 92 / 1 5629; pcT 



ana 



,on 



9 1 2 o 8 ; 



ubli'::acion IT:;, W:_.^ 



92/01047; PCT Publication No. WO 92/09690; PCT Publication 
No. WiO 90/0280=^- Fuchs et a'^. (1991) Bio ''Technology 9:1370- 
:;:;72; Hay e: al. (1992) Hum. Antibod. Hybridomas ?:Sl-85; 
Hu-o ot al. (1=^89) Science 2 4 6:1275-1281; Griffiths et al. 
( i -='3) EMBD J 12 : 72^-7 34 . 

Addi t iC'nally, recomt'inant anti-LIG46 or LIG56 
antibcdies, such as chimeric and humanizeo mc'n'jclonal 
antibcdies, CL-mcirisi ng oC'th human and nc-n-human pc^rtic-ns, 
wni :'h can Ijo ma<:;o using staridard rec-ombinant D>]A techniques, 
art' viiinin the z-oo^^e c-f ^he inventicr.. 2uch chimeric; and 
n\,i]T...:: n i zed mjnc -::] c^nal ant ib-j-Jies '::an '-oe cuc-ouce-ii k>y 
]; ec:'jmj: I nam loiA : echn i q^.;.es kn-jwn in t.ne art, ft'i' example 
usinc methods d*t.e:uobed m 2CT Pu;j1 i t.^t i ':-n Nc . Wti .:7/L.2671; 
huio^p'E .an F'ate'nt 2vr:'[j2ic:at i c^n 1-^4, 1 ■: 7 ; Euicf^ean Patent 



1 , 4 :^0; Fui ':'P'--an Parerit Ajj^d i cat i 'tn 1 7 3 , 4 94 ; 



■tOT' runl lCo 1 1 c :t Iht . Wit 



-.^tp.i .1 'tat 1 on A:. .J , ^. ; Bet t or 



an 



'■: ; n i u 
M 4 ; 11 



^ 3 ) P >^ ') ^ V- 1 



Ko. 4, 8 It, 3 67. 
- al. (13:: 3) 
:n 3/;. to . A tacA 

J mm iin a 1 . 



a aa a . 



JO/i 



: 2 1 a - 3 1 c ; N i. a t: i mn r a a- 1 a 1 



4 1::- =A'- 1003; 



WoC'd et al. ( 1 ^- A3 ) Aaf::i2Z"e : 1 4: 4 4 3-4 4 a; a:\a Sn^^w et a±. 

^i9ot) J. Aati. Cancer Inst, 8 3 : 1 33 : - 1 a A^O ; A'arrlstaa, (1985) 
ooaeooer 2 2 9 : 1 2 j - 1 2 1 3 ; (3 i et al . ( 1 :^ : *A iAva/Atachni :/aes 
■^:3A. ; 3.3. Pate:ia [,22^, 5 A'; Jones ^ra al. ;la:6) Nature 

h.A : 'AA' - A: 3 ; t'er:ioeyan eat ai. (lal^i:' .ta^'anoe : 9 : 1 : Al ; ar;d 



bo Standard 



ro , -o o. - o ^ H <[: I.. .1 1. 1. V' a a r: a i a :. j a ^ ■-■ . a . , 

ones, such as aftinity 'ahra^iruit 'tcrafL'ny ar 
A---- ■^'■-■i pi t at ion . An anti-LlG4t or LIG5a antioaAy (aan 



facilitate the purification of natural LIG46 or LIG56 from 
cells and c-f recombinant ly produced LIG4 6 or LIG56 expressed 
m hC'St cells. M'jreover, an anti-LIG4 6 or LIG56 antibody 
can be used to detec":: L1G46 or LIG56 protein (e.g., in a 
cell.^lar iysate i^r 'roll supie mat ant ) in orcier to evaluate 
zne abundance and pattern -jf expression of the LIili46 c-r 
LIG5t pri'tein. Anri-LIG46 or LIGoG anticiodies can oe used 
di acnost i ca 1 1 y to mcriitC'r orC'tein levels in tissue as part 
clinical testino pr^ocedure, e.g., tc*, f^i^r example. 



determine the efficacy of a given treatment regimen. 
Det*E'Ction can h'C f aci lit .'ited ioy C'tupling the an tik'titly to a 
aetec:tobIe suh'St 3nce, Examrdes tf detectaole sut'S t anc:es 
1 ncl t.a^E: va r- lc^us enzymes , p-rtst het i c g rooos , f 1 U'trescent 
;na zer la 1 s , lend nescen: mat e ri a i s , it it- 1 uird nes tent mace id a Is , 
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f e tt nt , f lut^re 
i etc amine , ti i ■ 
:lt'iMae : 



■ O- 1 n , f 1 at' r o a c -i- 1 n 
'X i : ro t r i a z i ny laniine 
L orzy'ooo ry t h r m ; an 



d 1 u It 1 n e s t: e n t ma : e 1 1 a. i 
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CO at' 1' 1 i"i , a "t: 



t laces b.^mintd ; tt^anijtles 
in :: 1 z.oo lozi f e r' 3 se , 1 aci f ei 
X smol e o i ?u 1 1 ait 1 e raci oa cl 1 ve niatei 
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.■ciea can t>e 



'"b or n . 
/ numan ant i ooai es 
r.i.X'e Jt 1 J t r ea tiTien: 
or tduced ^si nc' t ; 



a re p^art ic.:.l ar ly 
td' nt-.:tan patier.ts. due 
ansaenm mice whict are 



light chain genes. The transgenic mice are immunized in the 
ncrmal fashic^n with a selected antigen. Monoclonal 
antibodies directed against the antigen can be c-btain using 
C'jnventi'jnal hytiridoma techncilogy . The human immiunoglobul in 
transgenes jf narbored oy the transgenic mice rearrange 
during B '::eli differentiation, subsequently undergo class 
sv^itcnino and S'Omatic mutation. Thus, using such a 
tec:hnique, it is C'ossikile tc- pr.:.duce the rap^eu t ica 1 ly useful 
IgG;, h::A .^nd I ant it'C'dies . For an 'overview of tnis 
technjhjc^y for t-rC'Oucing numan ant iiDodies , see hC'nk'Org and 
Huszar [ll^^lf Int. Rev. Immunol, l?:6t-9:'). Fjl a detailed 
discusi. i^jn jf this tecnnjl-joy fcr t-rc-ducing human anrit'odies 
and human monotionai antibjoies anc; rc^t jc^j 1 s fjr p-r-iducing 
sucn antLijooies, see, -e- . g . , V..:'. Patent '1,625,126; U.S. 
: i tent , 2 ^. ^ , 4 2 : ; '.: . 2 . Patent : , :■ 6 - , 2 : ; U . s . ^ t en t 
■,o61,ij1c; sna 2.2. Pa:ent 5,:4:,:;-2. r::;man anoiitodies 

Ahgentx, I n :■ . iPremc-nt, 2:A j an^:;. oenE'narit, int. (E'al: Alto, 



2 e c ^I22A;A122L_ J^^2iA?i2.2X h Ve ':;t': rs and H t-st 2'el 1:5 
Ancthei ast^ect tf tne invent icn r:-?rtains tt- v^rctcixs, 
rtafcly express it-n vectO'rs, 't'jn: ai ning a n.^cleio atdd 
img 22G4o or 2IG:*: ( t- r a lo: no i itr. tner'EC'f) , 

2ne ti?':-nni<:iues describee, tehtv -tan also be a.ftdiea 
)st ■.■.■^;:^.^s and vecrt^i'rs usee tt^ ^E'xpress Icrct-, Lt^.2--4^, 
■11. -uio 2tral2 f t r use in tne ;tr<tduct r^^n t'f recomt- man t 
:^r. ;.r transgenic Lnimai^E . Thuf, altni'-..gn tne tnis 
-0:e leiers to LIG4o and LK^lo, tne meth-ids described can 
.■p:ooa to i'qtp, L2.G-42, F,GlJ-II, and Strall. 

A- ^.seo nerein, the term "vettjr" relets tc a 



nucleic acid mclecule capable of transporting another 
nucleic acid to which it has been linked. One type of 
vector is a "plasmid", which refers to a circular double 
sr randed jNA loop into which additional DNA segments can be 
floated. Anc>thor' type of vectc^r is a viral vectc-r, wherein 
ai:ioi t i'jn^ 1 DMA segments can be Ligated int-j the viral 
genome. Certain ve'::tc>rs are capai:de of aut L-n jmc-us 
replicaticn in a nost cell inzo which they are intrc-duced 
■.e.g., bacterial vect-jrs having a bacterial -jrigin of 
replication and episomal mammalian vectors). (Jther vect'Ors 
:e.g. , n jn-e|j i soiTia 1 mammalisin vecti^rs) aro intecrrated int-j 
the genome ■:> f a n:st ::ell ute-n int r'-:nlu rt i ^n int^j zno riosz 
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caioable 
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r, tert am vetit'trs, exp'iessi jn ve:'t'MS, 
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Tte ri i:imtn nant ext-ressiiOt vectirs :f tne inventii'n 
:omprise a ni.cieii ami I'f tni: invent ii-n in a fi^rm snitalile 
tn expression td" the n.iiiieii anil; in a ni'St cell, which 
leans tnat the ci' ii^mo i nant ex|ir-issiin veiti^rs include iti-i ol 
tore lenulatory secfueniiis, selected 'in tnt: t-asis of the nt'St 
o^l- t.. ;.)e -ised nir exoressii-n, wniih is ly'etatively lin<ea 

: : 11 nuclei t a mi leijuenii? ti^ ;ii- expressea. Witnin a 
^■■n tilii tin":! expressii-n vector, "i=peralidy Imkeii" is intended 
^ :ivt:ni roro:. tne nucleL^tide sequence of interest is linked 



to the regulat^jry sequence (s) in a manner which allc>ws for 
exp'ressijn of che nucieotide sequence (e.g., in an in vitro 
traiiccrit'titin/ 1 rans lat ic-n system c-r in a hc-st cell when the 
vecttr is intrC'duced intC' the host cell). The term 

5 " requlat'iry sequence" is intended tC' inclucie pr-omoters, 
enn.:inc:ers andl c-ther expression cc^ntrcil elements (e.g., 
po 1 / 3den y'lat i'jn signals) . 3ucn regulatc^ry sequenc:es are 
aeS'j r ibec:, tor example, in Gc^eddel; Gene Expressi:Kn 
Tecnriolvjy : MethDrls m Enzymology 1:'5, Academi'S Press, San 

0 Die^ji', CA (1:^9C). Regulat-jry seciuences induce thc^se whisn 
direct c : nst i. tutive exu-i ess i :n a nuclec'tide sequence in 
man-^ typ-E-s of. nc-sr, cell and tnC'Se which direct ext-ression of 
tn^r nucleotide se^qaenre tni;/ in rert^in hc-st cells (e.g., 
I .E .-^ _ie- E^pe::' 1 1 : :• r etiul ar r.ry secrt^-E-n-tes ) . It will oo 

"o\o rxpressL'in v^E ::*:Er' tan det^enc or. suc:n fa::tt^rs o~ tne 
.:o.o ..zo ^^.i to-- ooz'\. :ell zo oo transfjrmed, :ne level of 

■E tneieby orod-_.ce t-rc-teins -tr t'ettiues, incdiiing fusitn 

oroteins or t^etc i ties , enotcied by nucleic acids as oest:rilted 
nereiri (e.g., ldG4t oi Lie:-:' |t rt't e i r:s. , mutant ft r^nEE- cf LIG46 

i"ne re It'll.;: 1 nan t oxtressitn vttttre tf tte inctntiiOE 
icUE I: oeticne^:i f lu^ t-xprei s i on tf LloAo or LIGdo in 
1 1 EElit iy:jt It or t'U t a r V'E't 1 I i:ells, e.g. , t'Octerial i-t-lls so. tn 
ciS tt oclir insei't cells (using r at:u lovi r"^.s expi *E';e s 1 1 n 
EE-^ot ^....^r s , yeast iiE'IIs t-r mammalian t:ells. Suita;:d.e nest 
''j^±:- ciic discus led further in t-teddel, Gene Exprossion 
."•o;"OE o EC ii:7y : Notnods m Enzyurjl j^i^y lt5, Acaoemic Press, Sat 
..■-to '1"^- :. r^E-'EO' . Asternal 



^' ^ y - r 

V, the recomcinant 



vectc-r can be transcribed and translated in vitro, for 
examfde usinq T7 promc'ter regulatory sequences and T7 
piijlyne rase . 

Expression C'f proteins in prokaryc'tes is most often 
cari^ied out in E, coli with vectors containing constitutive 
c^i" ixductc^Ie p'rcmc'ters 'liirecting tne exp'ressic-n of either 
f "-.si:: n or nc^n- f ij s i. <jn pr-joeins. Fusi-^n vectc-rs aod a numt'er 
of aiiLino icids zo a piotein enc.:>ded therein, usually to the 
aniinc^ ter:Tiinus c f tne recc^mbinant prc'tein. Such fusi-jn 
vei'Ct.crs oypically serve three purposes: 1) to increase 
expiessLon ot re rO'inniin.snr p^r^i'tein; 2) inc.iease the 

sc^uoiiLoy - f" tne .r-ec<j]Ti;:'in ^^n:: t^rC'tein; and 3) to aid in the 



'A\\o I n a n i- c t e i r. o y a o. z irsj 



i.o 



.r 1 f 1 ::a 1 1 on C'f : no r 

.gone: Ln a t f i n l : y pu ri f icao io:\ . 0 ft en 

SLo:. vectcrs, a pr-c^re jlyt ic '::leava.ce site i.s 
ucec; az tne juncti'jn z^f tne fusic-n mcuety an 



d the 



:. em f r^oir 



1 r.ea\ 



>-C^^' 



■Qtein zo enar:>le ser^a r at i ^-n j f the re'::'jmt)inant 
no fu.s.iC'n mc'iety subsequent zo p ..ri f i. :'at icr: C)f 
em. 3u:-n enzymes, ana th-E^ir ■::jgnate 
cos, incluue FactC'.r Xa, t n ro'nuji n ^no 
mtse. iyi:'i :-o[ tozi'zo oxooo- s izr. vectc^rs mi'luae 
tarmacia zoozoo^. Lntu .uTiith ,i;:\u 2zr:o.oz:i : 1 ? : : : :Te:";e 
■~n:i-4j;, pMAL (New Engiano EiC'.lats, Sever l.y, WIA) ano pRIT5 
Pnarma'::ia, P i sc-a ta\vay , NP') whi ;:h fuse glutat hic-ne S- 
rfuusterase uPST ) , inaitC'Se E binding tirC'tem, or p-riitein A, 
espect^veiy, tc the tau'i^et reccm:bmant prctem. 

Examples ot saitatle mdurikle ocr:-tu3oon E , coli 
■>:tuess:ox vector- includiE- pEoc (Amann et al., ^.lOiz"^ 

■^ouo;; A ...ay,'; AAAOitds m Enzynizlogy lo5, Acaciemic F^ress, 
ojcc , tOa.itwinia ^199tg 60-c9), Target qene exrjressic^n 



oie 



fr-jin the C'Trc vect'jr relies on hC'St RNA polymerase 

tr 5;nscr ipt ion from a hybrid trp-lac fusion promoter. Target 

gene exp-ression frc^m the pET lid vector relies on 

Lrans'::r ipt ion from a T7 gnlO-lac fusion prcimoter mediated by 

a r-ijexpr essed viial RNA polymerase (TV gnl). This viral 

P'jlymerase is sup-plied o^y host strains BLl'lCHiE?.) or 

HMol 7 ( ZiE : ) frcmi a resident A pr^jphage harkiC'iina a T7 gnl 

g*.:ne "..nc;or one t r ansorip't i c^na 1 ccoitrcil of the lacUV 5 

p.r-'jm'jt e r: . 

C'ne strategy to maximize recc^mhdnani p'r^^tein 
e:>:^^^ess i CO. m E. coli is zo express the prc'tein in a host 
b.:;OterLa vitn an impaired oapsoity to prcitecdyt ioally cleave 
t n c: roc om;:- m a n t zr o t e i n ( G o 1 1 e sma n , Sen e Exp res si on 
cocnn-2-7y: Methods m Enzymolsgy IS^, Az^oemiz Press, San 

-^rer tre^ nuc:ieiO z:cid sooj^er.,"^ oi t:\e noobri^:' ^^oid tC' be 
:.:\orrr ^nto on oyyjros^oc-r. ^o\-o.zor 50 zo~t zr.o inoiviooal 

aniiro aoio an-- tn'Cse |M e f e ren ^ i 5: i 1 y utilized 
et al. (r-:t;i ^Ju:'leio Aci:ls Res. .b::2111- 
iticin ol nu:tlei':' ac lo sequences of the 
:rried tut ijy stantiar^l t'NA synthesis 



r eat: 
: ;Waoa h 
ich altej 

can be 



Ir:. anctner: eiT:;:»c-diiT.en t , the LIG4^: ci II 3: c -txc'iession 
1 I? ci yeast t'xores s i n ■■;^E'C:t ^or . H:xam|tbrS :f '/-tttors 
:p^ess]:::t ir. yea-t S. ceiivisae int^Luoe t'Ys-|;Set: I 
[ r 1 e t a 1 . i i 8 ' ^ EyJB 0 o . o ; .i. 2 9 ~ 2 : 4 ) , zV. ya ( Ku in a n a n !"i 
^witz, ^1282/ Cell : ] : 2:: : - 94 :■ ) , }:0'"yY35 (2onultz et al. 
:jene 54: 11: -122), f'YES2 ( I n v 1 1 rc'gen Cc .r^ro^r at i on , San 
2A;, ana clsZ ; i n'2it ro^:en 2'orp, San Jiegt', CA) . 
A L t - r::a t i ve 2 y , 21242 c i: LiC^:6 can ce e:<pressea m 
.o. .1 Ls csitig bacu2oviruc expression vectors. 



Baculovirus vectors available for expression of proteins in 
cultured insect c:ells (e.g., Sf 9 cells) include the pAc 
series (Smitn et al. (1983) Mol. Cell Biol. 3:2156-2165) and 
tne pVL series (LucklC'W and Summers (1989) Virology 1'70:31- 
39) . 

In yet anC'ther emtiodiment , a nucleic acid ol the 
invention is exp-ressed in mam:alian cells usina a n.ammalian 
expressic^n ve::cc'r. Examples : f mamznaiian expressic^n vectors 

elude pCDM'l (Seeo (1 987) Nature 329:842) and pMT^E'C 
cnaufman et al. '19^7) EMBO J. 6:187-195). When usee m 
mc^^mma Lian c*:^l Is, the exfiressi i^n vect'Or' s zorXroi fun::r ic)ns 
c;re c:i:ten r:'.rX' viae'ii oy viral requlatary elements. r-:-r 
--x.^mple, cc'irim'jnly useti 'oromot 'i- r s are deri.V'=:t; f i-oni lyoma, 
Adenovirus t, cyct-m'tc 5i 1 l-v i rus an^ii Simian td.cus ^-l . :'or 
:;ther suitable exp* re^. s 1 cr. systems ftr oor'n pi r:a ry<tt ic: and 
-ro^haryct 1 c r::ehls see chaptei-^ 16 anc; 17 ^d' SamijraM;: e et al . 



1: another eriiz aain:.ent, tha reccrrxinant ii.ammalian 
expressicn '7e ::ca-r is a'a|oasle af al hr-rct i no aixp'iess.i t-n a^f the 
ra^-aleic acid pret er^l^n: lal I'y' in a t'articudar cell raa^ae {e.g., 



.r'ea-u . 



el em.*i 



tne 



-Ciaii . in ss.^t--sf^ea:if Lc ra-gu 1 t avc^' '= 
th-r o.ra. Na>a - 1 1 IT. i aina exairx'ies et 



'J ^.\>~n[.-^'.i>- - <JL i ot.i;nie tissue- 
■c a f 1 . : pi onio te.rv. m :. 1 U(aa' the a It'Uiai n vji enijt er ( i. L\^ai : - 
a^rav 2.n..kar-: -t al. (h^'tt) 3enee Dev , 1 : 2 -".o-.iS 7 ) , 
:pnaaa-spf:a:' 1 t'l';- C'roni'Ster s (aalame ana: :2:aa':>n lac :5 ) A:iv, 
anx/i . 7 3 : 1. a 7-^~' t j , in faart iculai' p-r'a-iac t,ers ^jf 7' laE^ 1 
eptors uwnott^ and S.altama. re (191-9) EMB D E. 3:7 2 9-7 7 3; 
. :nan:.nioo2a'Dul ir"iS iEouieaoi aa ai . (1911) Cel.. 7 7: 77 7 -7 4 1); 
■a-- ana aaltamore (1 96 3) Ce^l 3 3:74 1 - 7 4 -;, n*-:^..] -;:)ri - spec i f i c 
■\i.^:eei:- :e.g., the neurofilament pra-ma'ter; Byrne and 



F'.uddle (1-^89) Proc, Natl, Acad. Sci . USA 5 3-5411 ) , 
P'ancreas-opecif io p'rC'iTi'jter s (Edlund et al. (1 985) Science 
2 30:912-916), and mammary gland-specific promoters (e.g., 
m:lk whey p'romoter; U.S. Patent No. 4,373,316 and European 
At.>|:'1 ic:a:. I'jn Puicdication No. 264,166) . Devel'jpmentally- 
i^.!aulat,ed p-rjmc'ters are alS'j encc^mp^assed, fc>r example the 
.^..^rine '^lo:-: ]j r jmcc e rs fP^essel an^d Gruss (199C) Science 
I: 9 : ? 7 4 - ? ■ '-0 sind cae c^- £e t 'jp-rc'tein prc'mccer (Campes and 
T L. 1 cjnman 1 ? : ) Genes Dev , 3:537-546). 

The invent i'lT: furtnei provides a rec'^mtd nant 
eK^i^ressioii vectC)! ccimprisino a QiNA molecule of the inventi'jn 

c-ned m: o :he exp-ress ic)n vectc-r m an antisense 
c L 1 <:?nt.a :. i< -n . Thao is, the 3I1A mcdecule is L-t-erat ive iy 
-::-<-;a :.::) a recu 1 at ry secuenC'i; m a mann^i-r' whi.cn allows fc^r 
■r/:p L : ..c. : r .^ct r : p: i -n ct t:no cXA ncley^A.^) of an F.NA 

2-:(j 1. at. L / z -z- iicer.ce z 'jpe re t : '/e l.'y' l^nReti zc a ncc.Ieic aciG 
:A.cCi*E:d :.n zr..-i- antisense t> r i entat i 'tn can bs; cit-tsen wnii:n 
atnet:t on^; ctritmncus expressi^jn of the antisense F.NA 
coleccl^B _n a va.iiec;y' tl" celi typ'OS, ft-r instant:e viral 
t : c:t:.terB anti/tr ennar.c^E' r'i , <)r reot: la.t t ry se-y^en'tes tan t^e 
:ii.rect C'jns t i t a l -z^- , tiss^^G: s^tetific oz cell 
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cKoressitn ct an: is-ctse P.KA. Tn 



5int iss:nse 

Ectto.i: tan. he in one f'Cnn f a r ectmlt i.nant 
^E^miiz; tr 1 1 'tntacet; virus m wnicn .ancisense 

ars' r rtciuiiea under one i:t-ncrtd t-f .E; n.igh 
Eiuulactry regit-n, the activity oz which can t-e 
y the tell typ-e int't wnich the vectC'r is 



i o ^ .L ^j, : 



, f 



tne reoulatiC'n 'tf qene 



genes see weintra.jD et a_ 
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An:'ther aspect c-f the invention pertains to host 
ceils intC' which a recc-mbinant expression vector of the 
invention has C'een intr'jduced. The terms "h'jst ceil" and 
" reC'jmbinant hC'St cell" are usee interchangeably herein. It 
is undo rs tc-jd tnat such terms refer not cinly tc- the 
pai-ticciar subject cell but to the progeny or potential 
progeny of sucn a cell. Because certain modifications may 
occ'jr m su-:M:eeaing generatie-ns due t C' either- mutatic-n or 
envi roniTien: 5 1 influences, suc:h lor^jgeny may nc't , in fact, be 
ia*-ntical : tne parent cell, but are still inclucieo within 
::.ne zcooo ot tne term as usee nerein. 

A h-:st :-ell can oe. any t-rC'karyC't ic :r eu ^lary-jt i c 
ceil. For examcde, LIG^^j jr LIo56 f-r-otein o.an re exf^ressed 
111 bacterial colls s jcn as E. c:?lif insect cells, yeast or 



: 1 



( s u n a s 't n i n e s e n ams c e r 
Goner suitable nC'St -ell. 



■ vary cells (oHC)) 



.C'Se 



an 5f e- 



XA can te mtro'cuceo mta r-r : ka ryco i C'l 
: via cc-n^'ono iL'oa 1 t rans f c>r7TLat ior. or 
sec nerein, th^a terms 
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art- rec jgn i ::eo : 
rorerqn r..uo-lei.c acio (e.-:)., Lh\ 

r a 1 c r uu\ o n o s p h a : o o- r c a. I ■ i am 



nn iq\ 



jf mt r ocua:.in.a 



A) moo a hC'St cell, including 
n ha r 1 d e a: -a - ^a r c i ]a i a a. a. i o n , 
Fr-.a- ";-o-o. raa-:aa a;iat-5^al : i zO^fecz la-n, lipa'ro'a: L'_-n, or 

a-:;pa a>:o:. 1 on . Saiaaj: lo meanaaa fau : ra n a l a r m l no or 
raaare:nang na-fa a:ei. Is aan b- fa^'^nai m Sana'aaak, ea al. 
oijpioi- r aij^J :.;Lner labor.^oary manuals. 

r\:o" saaade t ra n a f a-a t a c n of mammalian calls, it la 
cc/v;:. ahat, depenciina u^^o-n aha cxp'ression vecai'i anc. 
:i ^c is lO'St a^oa aechniiiue used, aoily a small fraatijn of aeiis 



may integrate the foreign DNA into their genome. In order 
to idenTilfy and selecc these integrants, a gene that enoodes 
a seleooabie marker (e.g., resistance to antibiotics) is 
generally introduced into the hcist cells along with the gene 
of interest. Preferred selectable markers include thc-se 
wn.:'::n cc-nfer' resistance zo -irugs, such as G-^IS, hygromycin 
:^na meonot rexat e . Nu'::leic acid encociing a seiecoable marker 
car: De i no rc'du ::e':l irXo a hc'St cell or: toe same vecrc'r as 
rnao encjdini;! LIGA6 or li:;56 or zan oe intr-jduced on a 
separate vector. Cells st^ahdy transfected with the 
introduced nucleic a-r.id can t^e identified by drug select i'jn 
;e.g., c-ells cna: nave inC'iupiC'rated the selectable marker 
.JiOno will survive, wnile the I'tnei' cells di-). 

A 'rrosl roll cf tne i n ven: i c^n , such as a f^r ikaryc't i r 

: "i^.■-otl^.,n zoozr.er or :vi ::os n-EO:ncois tor oioozomo 'LlG^'z or 
lIG-lc pr-:;Oein -^.e ing me no-^: cells c^f the Invenolcin. In :ne 
eml^i:;doin<7-nt , on^ meon'jU z-zmpri-es cult^^r ing :.no hoo-z Orll :-f 
mventic^n tint':' wnicn a re-i-C'mo mant exr'ressic'n vectcu' 
^noooir.o 11346 or LIo5c nas oeer. inr rc-ou red ) in a s^^ita;jle 
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Gz\e hcst rolls ■: i: tne invent irn ran. also o-e -^sr 
r.on-huiTiar. o ran so en i r- an ima 1 s wni on r-ve r-exp'oess 
of mtorriso. Fr r exarn^rle, in r-no emk-C'dimeno , ,5 nr-s" 
the rnverrrir-n is a fertilized C'C-cyoe r^r an emt'ryrini; 
ir.tr whicn a nurleir acid molecule whi rh directs 
. -oroie-si^rn of L1G4 6, LIGSS, Tgtp, LRG-47, F.Gi:- 



be used to create nc-n-human transgenic animals in which 

LIG56, Tgtp, LRG-47, PjIIO-II, or Stral3 sequences 
have ;jeen intrciduced int'j their genome or h-:'mol jgc us 
recc-mc) ioant animals in which endogenous LIG4 6, LIGSt-, Tgtp, 
LF:G-47, R'l'lO-II, C'r Stral? sequences have been altered. 
Sucn animals are useful for studying the function and/or 
activity I'f L1G46, LIG56, Tgtp, LF:G-47, RCIO-II, or Stral3'. 
ar.d zor i.-entifying and/C'i evaluating modulators c-f LIG46 or 
L1G:6 a:'tivity. As used herein, a "transgenic animal" is a. 
uja-hj^man annual, re f e rala 1 y a ma:Tunal, m-are re f e r aja ly a 
lo-iena f.uan as a r at or ni'ause, in whi. ah ane -ar nia-re of tne 
'::eil3 ai zoo animal inala^des a transgene. I'ther 'axE;mr:des cif 
a r ansae a an Lmals inc 1 uaie nc-n-numan c^r i ma ces , snee[a , acics , 
ca^wa, ^aaas, a;hiC}cens, .amp't i iaians , etc. A transgene is 
■.;x ::a;en a ..s jNA wnian is mtegi ateai int a tne genc)me ot a a>all 
troa: van i cn a ar-ansgenia aniuial aievehajas E^nal va.ian remains m 
tne aa'-itma- at tne matt^re anin.al, tnerec-y aiiraatm^ tna 
exoresaian ai an enaa'tiarti gaaae r^raaiuav: m aaaa a>r mar-e c.ell 
typas aa :issua:3 af tne : raaac-aienic animal. As aseal na-r^ein, 
an "ha;ma>ia'ga'us aecciiiiainant animal" is a nata-na.man aaaimai, 
orerera;a^y a mammad , npai^a r>re f e r a;aly a ii/tuse, in wnia:n an 
endiagena-ua LIG46, GIGtc, Tctp-, L?.G-47, r.Gla-TI, or ctral.a 
:^erie has oeen altereat lav 



n 1 iTlo. i , a 



ma- baga'US ra-ca m;aina t. lain ;aa-tween 

a . a . , tn emnryaaai<a a:e Li a f tne 
f t ne an una i . 



ea 



trar.sgenic snnnal ■:'f the inventi:r. aan ca aiaateo 
aaang a nua:baiL: acid ma)la-cule enca^ad.ng a a:esired 
aao ahe niala: p'raraaaAei ot a fei-tilized oaa:yte, 
aicr can J e at i aai , ret ra^a^i r al infect i^an , and all awira^ 
r ta develop an a C'seuoopregnant female f alitor 



animal. The cDNA sequence can be introduced as a transgene 
mtc the jeneme of a n-jn-tuman animal. Alternatively, a 
human homioloque of the LIG46, L1G56, Tgtp, LRG-47, RCIO-II, 
or otral3 gene can be isolated based on hyt^r i di zat ic-n to the 
murine LIG4f, Tcftp, LF:G-47, RCIO-II, or Stral:; cONA 

and uceci as ~ rransgene. Intr-jnic sequences anci 
P'oiyadeny Lat ion signals can als'j be included in the 
transgene os i.nc^rease the efficiency of expressi^jn of the 
rransgene. A tissue-specific regulatt^ry sequence (s) ^an be 
C'peracdy Irnkeci to the transgene lo direct expressic-n of the 
c-rotein to C'3;rticular cells. Meth-ods f^tr generating 
t ransgen i ■:: ar. im.^ I s via emt'ryt' man i pi: la t i-jn an i 
mi :: red Oj *=: ::o ijn, r^art icul a rly animals such as mi'::e, nave 
De ::c:me cc^nv-rot i 'jna 1 in the ar t ano are oesc:ribed, f'lr 
ox-^mole, "J . G . E'atent Xos, 4,7?^,::6t. ami 4,::7;:,0cv, U.S. 

^"e t oi.z N'l . 4 , 5 ^ : , 1 9 1 and i n H jqan, Ma::ipul a l i no Lho Mouse 
G2;;.cz.yc, jo..o .::orinc- .-ai'ro'r L arearat ii'y rO'esa, 7'ida -rorutg 
:-:5roor, X.i., 1 c 1 . i'lmilar motnaois are usard fa^r 
or a;alua't laoi o i ozr.o r z ransg"eni a: an inia is. A t r an seen i c 
aoanaa:r aa"iima:.l can :ae lalentifieo :aasa'ai vo-:o. one "laresence of 



^asues or ceLi: 



c:enaiTie ano^C'r exr.ressian oi tne mrlCA rn 



anima Is . 



t r-a: 



moe r 



nen oa usee aa trea'al aaditi:nal animals carr^ying 
.no tranageno. Mareaa'a-ro transaienia aniiiiala aaroy.ing a 
.ra'-:saena enaoOoag LIa-4c:, Lli^ia-^, Totp, .:.Ri7-47, Ra'l'J-II, or 
' t r a i 3 c an t ... r a n e r la e t r- e ai t o o a. n o r t r a n a a: e n 1 c a n i ma 1 s 

■ a r r y a n g o t n e r' a r a n s g o n o a . 

T > J .a r e a t e an h : m : 1 a g a u s r" a- a- a.'m t ■ i r.. a T: t a n a ma I , a v e o t c> r 
.a prepareo whaa:n conaains at least a pa.r:ia)n a-f a LlG4o, 

■ ■■■■■^■''r Goto, LRG-47, r^.GlO-il, or 3tral3 gone inta^ wnich a 



aai .: 



r suosaitutaon ha^- been intra;ouceu 



c4 



theret'Y alter, e.g., functionally disrupt, the gene. In a 
p-refeired emh-^jdiment , the vect-jr is designed sucn that, up'C'n 
hemcilc-gcius reC'jmtdnati'jn, tne end<jgencius gene is 
f unct i 'Dnally disrupted (i.e., no Ic-nger encodes a functional 
p-r-i'tein; also referred to as a "knock out'* vectc-r) , 
Alternatively, the vectc-r can be designed such that, upc^n 
hc)iTL(j I i gous rO'iM-mlcdnat i:jn, tne endogenous gene is mutated or 
C'Cner-Aise altered but still encodes functic-nal prc'tein 
;e.g., tne ut'Streani re:iulatjry re^Mtin can to altered t-:- 
zo^z-iooy alter tne exi:'r-essi'jn jf" the end'jgen-tus f^rt'tem). In 
tne nt iTi'tiogt)-^^ rect'inh-ina t i 'tn vett^tr, the altered ^I'Orti'jn of 
zoo gene is flan.^et; at its 5' anti ' ends t-y adtlitional 
rrjcleit acids of the gene tt allt-w for h'tmcd c-gous 
recoin;: mat 1 t)n tt jct:ur r-etween the exc^gentus gene carried k^y 
tn- v^i tccr aoo. a.n enotigenous ::ene in an emc-r-\'c>ni ;: stem I'ell. 



^et.gtr, to:. 

■ c 
vec:t:ti IS 



■tt.ol f;an<. inc nu.cLeic ac iti i.s ti 
so o. zos s f a 1 nt'iTLO 1 t^g : as r^e t jH'O i n E: t i 
gene . lyZ'i tal iy , i-ever a 1 oi Icoas 



f f ■ 



.cma: 



;nt: :■ entisj are 

.d Ctape t'tni ( ] r^l? ) ■ 

>at '^.5 r'et:tmkdnat i<tn 



ent 
vitn the 
tf fl. 5^n<in.; 
■jooo lo. tne vettv 
11 '^1:^11 for a 
ect'trs i . The 



■duc^ed int't an embryonic stem eel 



pototi'tn! anti ceils i.n wnich tne i rtt i\:-duced gene 

e^is oc-z to en injscted lozo a it la s *: O't ^'st •zo s.r. 
q., a ]n:'-.;,E:e) : ftr^r. aogregatitn c:tLmera3 isoo, 
tey in 7'ei"::i t :n'a r 1 1 ;ct;nas i;nd Embryoolo SZsni Colls: 
1 Apprzachr rttbertS'tn, e-d. (IF.L, (jxf'trd, la87) p p , 
A chiiTieric s^mbryc can then be impAanted intt a 
■.;a:.)oreqnan t temai-: roster animal ar:a tne emtjrvc- 



brc'ught to term. Progeny harboring the homologously 
rec'jmbine'il E)MA in their germ cells can be used to breed 
ar. imals i:\ wl'iirh all cells C'f the animal ccTitain the 
h'jiTLC'lc-oously recombined jNA by germiine transmission of the 
t r a :\ s a e r. e . Methods tor c n s t r u c t i n g h omo 1 o g o u s 
reco'mfc' i nar ir.i i vectc^rs anci h'Omolog'jus recc-mbinant animals are 
desc:r ifc)e(i furtner in Braaley (19'?1) Current Opinion m 
Bio^/Technology z:323-ol9 and in PCT Publication N-i-s. WO 
9:/ll:.:4, WC^ ='1/01140, Vlo 92/'J'?6':;, and WC 9?/Ci4169. 

In anc't her em^bc-ilTTient , t r 5ins genie nc-n- humans animals 
can be r:'jdc'.:>=^i:l wnich ^;:c^ncain selected sy seems wnich allc^w 
for r eq^.. late'd expir-E-ssi i-n «: f the transgene. (One example of 
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two transgenic- ..niim,.^ is, 
o i fe lee: tea pr^-'Ze ir. ar 
ne encijoi.ng a r ecciri;xin<ise . 
■0 : o n e e of t n e n :■ n - n ma n 1 1 
can also oe p'l -r-iuc*:'-.;! a(:ocrdirjg tc^ 
e o : W i i m a : e t a 1 . ; 1 :^ J' 7 ; .^/a t :.j re 
ti'.a: Ncjs. WO^ 0 ^ ") 7 •:.-:) 3 ar.d VOO 



rn.^o et a i . ; : ) Scion: 
: 'r':: :mjji na s-r s^,'soem o? aseo to 
nsgene , an ima _ s o-oro: a i nine 

an o^o. orovic^-o znio'^qo 
i 'i: an.ima Is , c- . g . , c^y 
ne oc'noaaning a transgene 
t'r.o toner cC'ntainina a 



-nit anirr.a 



desciib eo 
me: no els 
S ICi-d 1 3 and PCT 
In brief, a 



SL)matic cell, frcoi the transgenic animal can 



be isolated and induced to exit the gr-jwth cycle and enter 
G-.. j::lia3e. The quiescent cell can then be fused, e.g., 
tnrough t.te use of electrical pulses, to an enucleated 
oocyte frc'm an animal of the same sp^ecies from which the 
quiescent cell is isc-lated. The recc-nst ructed oocyte is 
tnen cultured such that it develop'S to morula or Ijlastocyte 
and then transferred to p'seudopregnant female foster animal 
Tne 'jffsp'ring c-^rne :f this female foster animal will be a 
:..'ljne of ^.n^ animal fro>m wnicn the cell, e.g., the sc-matic 



^ V . ?narma'::euc i :-a 1 'IcmpC 'S it i-: ns 

The LIG4t and L1G5& nucleic acid molecules, LIG4 6 
cc'id LIG56 pr^:)teins, 3nd 3nci-LlG4t and anti- LIGSt 



3 ^ E' ^ 



ro. -E I r*; 



:'r'e i n 



act 1 ve jiT^po ^nd: 
or. i~: ^ir.a "1 r i 



L a oiri i ni 5 : r'a r i i^n as ::ar: varir^:.s 

I G:-:, 'Tozpr G?-G-4/d ?.G 1 3 - I i , oi Gtral 



' r act 1 '7 1 L 



lapeu:: ic rcmp-: s iticris typdcal ly su^mpr i se t: 
1 ^ 



:> h armaceut ical 1 ■ 



uiOr t't^jtem, or antiiC'C-dy and a 
y oo'^eocatde carrier. As used nerern tne 
: ancuage "pnarmaceur i ::a I ly acceptable oa rr i o i s Inr ended 
"c rr.::l^a^ .Eic;^' arc: all siilvents, c: i. sr-E- I's rc'n media, coalings 
-cr^;;: ^ :u -z- r : e: 1 iCii :Ui ^ i : noa 1 aaent.E., i .z ozcoi and ab3C;rp:iG 

ctarmaceat 1 :::al admin i so r ^e..c ion . Tne oso^ -jt suE:h m-E-dia anci 
agents for pharmaceut ir;a 1 ly active subar anr:'E'S is well known 
: r: tne art. Except msc'far as any ctnvent i trial media t-r 
-uenr Is incompatible wi"h the active compound, use thereof 
El ' : 1 :. K.vis IS c tntemp luted . Supplementary active 



compi'junds can also be incorporated into the compositions. 

A f'harmaceutical c-i'mpcisit ion of the invention is 
fc^rmulated to t^e ::c-mpat ib 1 e with its intended route jf 
aoministration. Examples of routes of admin ist rat i 'jn 
mcl .,:.de oarentei a 1 , e.g., int ravenous , int radermal , 
s ubc ^oane JUS , ■: ral (e.g., innalati'jn) , transdermal 
(ropdcal) , t ransmucC'Sa 1 , and rectal adminis t rat ic^n . 
S ^lut ic-ns or' suspens i cois used for parenteral, intradermal, 
or s ^DcuT sino'jus appd. i cat ion can include the fcdlc^wing 
C'i'mp-jnen: s ; a sterile diluenn such as water fc-r injectiC'n, 
saline sol.j^ ic-n, fixed oi 1 s, j-cd yet hylene ulyccd.s, 
alyc'E-nn'E:, l-i'O}: y 1 ene glyrcl '^r' c-cher syntnetic scdvents; 
aoo i;:>a'::ter ia 1 a^ients sucn as ic-enzyl alcohcd or metnyl 
Ooia^jons; ant i xi :iant s sum as ascC'rrdc acid or oooiom 



e:hy lonediaiTLinetetraacet i :• acio; ;juf fers su'::n as acetates, 

citrotes :u: ithcsisnates ant; atJcnts for me ad i t..s oment of 
T'lnimcy .E.-.:'m ao =i::di_:m on leu ice on oexzio^o.. p- car. t-E 
ac:";usreo 'Aitn S'Eme;s tr ;:'asea, scE:n nytli't^ ::n 1 c^r 1 1 c emo. c-r 
Sl: ai un^ nydrc^^i oe . Ine pa ror:z s r^a 1 cepa r at i or. can ;:'e 
-i.e:! :.se J :n ar^poolo a , :! : spo^a a;Ed e s-y'ringes or m^..lL irde oooe 
v:als iTiaae f alasi ar auasaiau 

r n 3 rn.ace i aa 1 a Eaip-a s i t ia-ns suit aC'ie fa r i n j ea:t ala 1 e 
:.jae araaLuale atauila: 000.0003 aadut. ia^na (wha-r'a; water s aluiEde) 
■.a. aispei^ lana anai s:aiu le t'twiaers fa^r tne ext a^mac'i anet'Cs 
^ ^ r eoa raz 1 00 ot sterile in] a a:t aade aa)l u 1 1 -E^na O'O aii o-po. r sa a n . 
r^or 1 r:t r venous a dm mi a t ra: it n , su it atde oa rr lera 1 n aluaie 
a CVS I a 1 ...a 1 tal sa 1 me , t'acta ru osta t 1 a w s tar , a: remc pro r EL"^^ 

^'"M ar t^r.t>spnate r^uffera-a aalina- (PES). 
: compC'Sation must be sterila- aniEi ahi'E^lal be 
uit tnat easy syrin gata 1 it y -xisti. It muS' 



' ^ p t) a n y , 

. Q - a 



be Stable under the conditions of manufacture and storage 
and must be p^reserved against the Cijntaminat ing acti'jn of 
riii cro :'rgan i sms such as bacteria and fungi. The carrier can 
be. a sc'ivent or dispersion medium cc^nta ining, for example^ 
v;acer, e^nanc-l, polycd (for example, glycer-jl, propylene 
glycc'l, and liquio pod ye they lene glycol, and tne lif:e), and 
sui:ai:de mixtures tnere'of. The proper fluidity can t^e 
maintained, fc-r exampde, by the use of a coating such as 
lecitnin, oy tne maintenance :f the required p)articie size 
in tne tase tf di sjc^e l s i -tn and ijy the use ■: f surfactants, 
Pretention of tne actit^n c^f mici t't'rt;anisms tan k-e acnieved 
Dy tacioa^ ant itiact e i i a 1 anti antifungal agents, ft'i' exan[{:)le, 
oarat'Ons , t:h i-t r tout ar^t i , p-hent 1 , as tt rtd c ac la, t him^t r t>s al , 



- - f 



1 1 Ke. 
aO 1 sec 



In iTir 



jt will oe pue f eraitl e 1 1^ 



ticer.ts, f tr examp'le, sugars, t)t'lya^' 



-no: s 



compo s .1 1 1 o 
aluminum Ti\ 



itol, scujti:ti, stai'^m cnbtric^'t m tne 
Pttdctt>zt; aits tr-]: t .ittt tf the inject a jtl-> 
can oe tiitucnt ajoiut ity int:lucino- m ttit^ 
E;n ag^mt vhi.tn t;ela;ys at s t^r^'C i -tn , tor tt-tamtjle, 
tsteai at e ana gelat m . 
Sterile iniectttle st lutitns can oe preic-areo h-y 
tcrpcrating tne ac:rive C'littJi jna J e . g- . , a 1IG4»: ^t t "llo^*:^ 
Item or anti-LIG4o tr Llt-t^f antiiitay) in one reiai.iired 
.cmt It: an pp tt t' r i a t siivent vLtn tne 'it a titmit tna 1 1 ■ m 
: na 1 1 lii e::t t entJita rated nc-tvt- , as i ego i. r eu , ft' 1 litued ity 

: : : t r c a rati n g t n e a c 1 1 v e 1 1 'it]: u no i n t c; e. s ter. 1 1 e ■/ o n i 1 1 e 
■tn tonta:.ns a t^asic di titers i^n mecium and the reguiretl 
:.er ingredients frtmi thC'Se enumerated atc-ve. In th€: case 

--tor lie oowaers I'l;! the pro;iaratitn of sterile innettaole 
o.C::cn:, the preferred methods of oreoaiation arc vatuum 



drying and f reeze-drying which yields a powder of the active 
ingredient plus any additional desired ingredient frc'm a 
pr^E'V i'liuo 1 y st erile - f i 1 tered solution thereo f . 

■jrai ro'iTipC'S it ions generally inclucie an inert diluent 
or an eoi;:)le candor. They can be enclosed in gelatin 
caiDsuleo or r.c>mpressed int-:' tablets. For the piurp^ose C'f 
oral tnerapeutic administration, the active compound can be 
in':::jrp'ji at eo with excipients and used in the form of 
ra;:!let.:o :rc::'ne5, or capsules. C)ral c.tmpos i 1 1 c^ns z^r alsj 
oe fjreL>ar-£;o using' a fluid carrder fc^r use as a mc'Utnwash, 



.n one f iuio ■::arrior is aii'Cdieo t'rall-^ 



wnei-e in ..no 

and swiih-:a .5nd exr^ect'jrat eo ir swall-iwed. ? na rma reut i ca 1 iy 
compatibi'i' tandmg agents, and/ jr adjuvant mater ials ::an oe 
mciudoG as ^lai't if the C'lmf'i'Si t ii'n . The :aiilits, i:d 1 1 s , 
lapsui-s, tr :cnes md :ne 1 i f:e can contain any -if tn^r 

ingredients, ^ir C'lmp'-iuniis of 3 similar nature: a 
r. 13 mi ::r-:ii:rvst .3 1 1 ini ■::ollilise, cu:tl tracaianth i-r 



w 1 



i^'^iic a lent soo:\ 3ign:; i.-i a:r:i, ruimigei, i^r cii-n 

iuoricint 3 _aiit as m^^nesi^mi -teaiMte ir- i'ter'i'tes; 
t iirn as i:illidiial sili^'tn liiixidi'; a sveet loi ing 
cn ai suiri'se i-r' aaoor:ari:\; i-r i fiavi'ring airent 
pep^p^ermm t. , metnyl sal icy late, i-r iir an go f lavi^ring. 
tji aomm 1 s t rat 1 1 n ;iy i nh Ei 1 a t i i-n , t rie iimp>i^uniis are 

11 ir.e fcr'm of m ai-ri'.ril srr-iy tri'in t>r-es.5.u r'ed 
r :..o: ais:i-=T:ser wn i c n :iO:tair.s a -•a.i.t ~:iol o oii^oollant, 
111 3iicn :!.s cart-i'U tn.ixioe, i^r i neb-..d i ziu: . 



emi 1 ii imini s L r at ic n lan als^ 
nil mean.E.. Fiii 1 1: a nimuc isa 1 
Lon, penetrants .:i^.'iiri'Or i a t e ' 



i5nsmucc-sa i 
ir t r ansiiermai 
J the ti airier tC) k-e 



1 s e 1 1 n 



:ne 



)rmuiat 1 m . 



Su m oenet rant 



ar 



generally kn^wn in the art, and include, fc-r example, for 
t ransmucc'sal administration, detergents, bile salts, and 
fusidic acid derivatives. Transmucosal administration can 
oe accomijl i shed thrc'ugh the use of nasal sprays or 
supr:'OS 1 1 car ies . For t l ansdermal administ rat i^jn , t he act i ve 
coniri-junds are fc-rmulated intc ■jintments, salves, gels, cir 
creams a- generally knC'Wn in the arc. 

Tee cc'mp'juncs can als-i' oo p-repared in the torm of 
supsp-jsi tC' r ies {e.g. , with ccinvent i jnal supp-C'S i tci ry oases 
sucr. as ^:'■:M;^:'5l loutcer and ccher glycerides) ov retenti'jn 
ene^n.as for roczal delivery. 

In cne emt'C.o i men t , the active C'Ompicunds are p'lep'ared 
v/Ltc earners :nat vill prccect tnc couiooono against, r-ap-ia 
elincnat.ic. f rO'iTL tne i:coly, so cC as a csntrclied relc-ase 
: :: r 1 .c t c :r: , i ; 1 .on i nc: i.mp' 1 ant s anc; mi z rc-en z z-^^zzi 1 at ed 
tel : very fystem- . Bi'Ccev:rr'..f..dao ie , ;ci jc::'mp>3t ijtle p-tlym-r^ can 

_.5ec, :^j:-n ~z etnylent- vinyl 5:ce:ate, po^ 1 yannycr ides , 
cc 1 yglyccl i z ac i d, ct 1 ia^:ren , ool \-o rt noest e r s , a no oo i y iact cc 
acio. MenC'Cds tor p- rep^a ra 1 1 1 n C'f seen f rmu 1 at i-tns will izo. 
apparent co tn-cse s^illeL:; i.n tne arT. I'ne ma.teriais can 
:^;h5c ;ce c.cc = :ncd cc :Tiir[e r c ve; 1 1 y f r cm Alza C'c- r pc r 5. t men ar.d Nova 
FnariTiaceut i ca i s , I no , L LpV'S ':m.^ 1 scicpenc i c ns [ i no 1 cc cng 
lipcsc^me? targct'CC tc^ inte'Ctec ce H s witn iircnC'CiC'na i 
cC.t^coc:.cs tc c:rai accigc-ns; can sLs'C oc ^sec as 
: ccv mc^:-ectccc i : y' a.ccep:a.;cl e c:ar r.ic-r s . I'nese ca:i ho pr-ep>ared 

■ :>OMoo^l^-^ , c:is ceccrilc'ec; in t.S. "zzzoox. Nc . 4,511,311. 

It IS esc'ccially a Cvant agec cs. t c- f'Cricciate cral or 
v^-.c; ccc:. e; ci C';.;mpc;s 1 1 1 ens m d'Csage cr;ic form tc^r ease c-f 
-im:r is^:ccticri an'ii uniicrmity c^f disacfc. Dosage unit fc^rm 
.z--\ \.'-io:-lo zoiors- tc physcca^iy ciccr-te urnts ciitecl as 



unitary dC'Sages for the subject to- be treated; each unit 
ccntainino a f)redet ermined quantity of active C'jmpound 
calculateo to produce the desired therapeutic effect in 
a^sociati'jr witn the required pha rma ::eut ical carrier. The 
s;oe'::i f icat i :)r: tc-r tne dc'saqe unir forms I'f the mventi-jn are 
aicrateid hy ana directly idef-endent on the unique 
cr.a r~ac : e r i 3 1 i ci- of the active cc>mf'Ound and the particular 
therapeutic effecr to oe achieved, and the 1 imi car ic^ns 
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iTicdeoules c-f the inv-EUtiL 
:i useii as oene toerapiy vec^irs. 
CO delivei-eil t: a suijject: iiy, fcir 
o;orjius in j ece i i-n , li ca ] ailn.in i st rar i or (U.S. 
I'^) or by St e rei)t.ai:t ic inject iio. (see, e.g., 
. :0'4) Pz~oc. A/atl. Aoad, Sci. USA 1 : lO ^.^^ - 3 0 :-7 ) . 
1*. iisi OLOoaraziro. of toe ^ene :oor- 

o; ::i:T.;irise a i I iv; r-E-lo;.se Ji.atr ix :o vhiin one 
I'eoioio li in.;:^ediiod . Aloernai oveiy, woe re tne 
uelivoiy veozoi lan be orzoozeo io:ai:t from 

:viis, e.qo recro'virai vei'ti-rs, too 
|; reiE-ar at i iTi can ins-lude s^ne c-r mcire cells 
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cf the Inventi'i: 



■e oIC-;4c, LIGoo, Tqtr, LF.o-4 7, F.C:lC-II, and .^orai; 
:Ed..d molecules, f^ri'teins, p'rc^tein hs^mi-l.E-guet , and 



antibc'dies described herein can be used in one or more of 
the f ollc'wiri 5 methods: a) screening assays; b) detection 
assays (e.g., cnrijmc)SC'mal mapping, tissue typing, forensic 
bi'iic^gy) ; and c) methc-ds of treatment (e.g., therapieutic and 

5 prc-p'hy lact ic ) . The iscilated nucleic acid mC'lecules of the 
invention can i^e used to express LIG46, LIG^G, Tgtp, LF'.G-47, 
RCIC-II^ or Strali prc'tein (e.g., via a recombinant 
exi:'i essi 'jn veczor in a r:osz cell iri gene "therapy 
aped i'::at ions or transgenics animals), to dece'::! L1G46, L1G56, 

0 Tgzp, LRG'-47, P.C10-II, or Strall mRNA (e.g., in a biological 
saiTip.lo! '^r a g^rnetic lesion in a LIG46, LIG:-:-, Tgox-, LF.G-47, 
PCiC-ri, C)r Gt.rsl: ^ene, ana t-:^ mcMiiuIace LIG4o, LIG^'6, Tgop, 
^RG-4~, -.C;lj-ri, or Strsl: a.c: ivity i-r exf' ress i c^n . In 
■:;dc:ition, L1G4-:, i.lGbi^, Toti;., LF,G-4 7, R':iO-II, .i.r S'lral? 

'-. I 1 jZr,: in^i- .::ao oe o.:e:l t .E--::reon ^iru^rs ci ::C'm];'Ouno3 w!":icn 
::ooi::aoe i:G46, LIG16, Tgop, l.RG-47, ?,G1j-II, c r Stral? 

::ha.r acoe r.L zoo oy msuf ti'::ient ■: r e>:cessi ve ^ji-'j-huc: i ot 
:AG46r LIG56, Tgop', Lr.G-4 / , F.Cl—TI, cr Rtril: prot-in or 
: orc^Guc-::i:-n ilG46, LlGzc, Tg:p, GRG-47, Rildl-ir, .:.r StralS 
vrcoem forms ^A-iicn have an ■.;noe s i rai:d e 1'E:V'E:1 of. ao*:ivity 
oomr'area to tne wile; t y :oe P'T^c-in. In aoditi'jn, tne an:i- 
1:346, LIGlc, T^op/ LF.i;-47, F.il 1 - 1 ] ^ r.i G:.rall an:. L;:-j(i ies of 
:ne .nvc^nri.jn oz^o o-i v.zoG to oozeoz. and is:d.a:o 1IG4R, 
IRllc, R3tp, LRG-4'^, R'll'J-II, c r ::rral:- i:>r'jt.ein3 and 
V:oau:ar.e hlG4o, LIG56, Tgop', LFG;-47, F.ClJ-II, .-r Stral- 



ri'ivenrrcrn :i.rener rrrr:^^n= ro novel o^ents 
'V the aoove-desc: ibed rrreenmg assays and us<: 
rreatments ds described herein. 



A . Screening Assays 

The invention prc'vides a method (alsc> referred to 
herein as a "sci-eening assay") f'l-r identifying mcidulators, 
I.e., C5indidate c^r test C'jmp'Ounds or agents (e.g., pep^tides, 
pept idomiriier ics , small molecules or c.ther drugs) which bind 
to a LIG46, LIG56, Tgtp, LF:G-47, RCIO-II, or Stral3 protein 
and/jr nave a st imiuiat >jry c-r inhibitc^ry effect cri, for 
example, LIG46, L1G56, Tgtp', LRG-47, RGIO-II, or Stral?. 
exp rose ion r act i v i t. y . 

The inven:i-:vr; C'rC'vi:ies assays for s-:-reening 
:of:nciidate ji' tesr C'l-mci-junds wnich jjinc zo or mC'Cii:late the 



c:c;t ].vLty ot one r([OU:Dr ^rie-oc 
po 1 ypepr. :.'::;e or o i cd i zai 1 y 
emb'jdimen t s enrail the use ■ 
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nei'eof 
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S'jlutde f'jrm of LIG46 



■I'mr:' I'unds ■: f tne c^resen: invent !■ 



•n can 
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aooroo- 



1 r. 



lis KC'Ca'C 
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na so 1 ii: I a r i e. 



1 ; V, 



ary motnC'ds us 



ble p,.i:a] lei s:did 

e:.i I' [ :;:-rar"y met nods 

ne- ::C'm];M:'und" 1 it rary 
inc a f f i n i t. v 



chr^jmacograp'hy select icn. Tne n:d:-gica 1 1 ibraty app^c :'5::n 
".s limiiteri tc^ t'ep-tide 1 1 lora r i es , while the ■jtr.er f^jur 

r ec::;l'r licuaries ot ccmr:c:un(:;s (L:im (11?' 
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[^5A - 1:1 1422 ; Zuckei-mann 



2o73; cn<j ei 



a . 



; 1 9 9 3 ) 



Science 261:1303; Carrell et al, (1994) Angev/, Chem . Int , 
Ed. Engl. 33:2059; Carell et al, (1994) Angew. Chem. Int. 
Ed. Engl. 33:2 0ol; and Gallop et al. (1994) J. Med. Chem. 

21 : 1233 . 

Litraries I'f c'c-mp'': unds may be f-resented ir sc-lutic-n 
ie.g., Hojahteri (1?92) Bio -^Technigues 13:412-421), cr on 
h'^-ads (L<^jn (1:^91) Nature ?34: 82-84), chips (Fodor (1 993) 
Nature 3 64:353-356), loacreria (U.S. Patent I]o. 5, 22 3,409), 
spores (Patent Mos. 5,571,698; 5,403,434; and 5,2^3,409), 
riasmids (C'ull et al. (19:'2) Proc. Natl. Acad. Sci. USA 
- : 13 65- 1 o :0 or en p^ha'^e (Scott and Smith ; 1:^96 1 Science 
: ^ : e o - : 9 : ; oo~: 1 1 n ( 1 9 o 6 ) Sc i en ce 2 4 9 : 4 :j 4 - ^ 0 r. ; w i r 1 a e 

1. 11 9 90! Proc. N-tl. Acad. Scj.. 37 : 6 27 : - 6 :.3^ ; ^:ind Felici 
■. 1992; J. MjI. 3i:m . 212 : l-:l~':'c: ) . 

Tns ir;ver:ti:o. iniduoes assays emclcyin^ s:lai:le 

47, Fj;.:-11, :-r S*:r-.;:.l:. Sn-i-n assays 
LP35e, To op, Lr.'3-47, r.Cl2~ll, or 
;13 ^»rc'Oer:". ':'r i: 1 c i do i 'Sa 1 1 y aooive p-:rtijn ther^'of wi.oh a 

C::.)mpc.-.ind and dot >sr7rLi nine: '■Ir.e aisili :;^' sr rr.e- -o^ez 
■:-ccno lo Di.no z.o PIG.-:, Lh.;e , Pooc , Lr.3-4', !-o:l 7 - I 1 , or 
^17 rreoei.:-. or- c i e 1 se; o e'c: 1 1 y aooive poo'^i .-n t n.:. :-,=.r,f . 
iir.q ot t n*:' 'i03 Z O'lmoo'-^r^o. "o:. LIG4 6^, Id 7" : •.■ , 'I'ozo, 77 0-4 7, 
'-I7, C'.r Serais f)ieo-:ln can t-e deoeiTiii ::eei el":7:^;:^I■ ol rectly 
o-iO.. coc l.y osi.nsi ene aX'prcae-nes oesorao-od ,n:"Soei. In a 
oi .i-'ci eiTiOfOd eirient. , zc.o ass-r/ inolodes .: sre: , j i::t i::c; LIG46, 
O. , Tqtp, L7e.^-4 / , 37:17-11, er SoralS prs'-. e.n 
ogioaiiy acci.ve loertico.. oherec^L witn a ':n';wn '::c>mpC'u:o:i 
:n omds 27G4o, LIG2'2, 7aor', LF.G-4'/, F:01 -II, -jt SrralB 
;;r:r: an assay mixoire, s-<sncai:: t ins ehe as.- a;^- nnxz.ure. with 
^.-^ peon-; o , dwd ieeerminlnq the obil^f; of the test 

neet J eo eneeraot wern LIG4c, hIGeo, l"jrp, Lr.G-47, RG17- 



70G4 6, Id 7; 5c, Toop, LP7: 



O ■ 



II, C'T Stral3 protein, wherein determining the ability of 
Che ces: oomp.ound to interact with LIG4 6, LIG56, Tgtp, LRG- 
47, F.l:1o-II, jr Stral? pirc'tein comprises determining the 
atiiiity of the test cc'mpiound to f^ref erent ial Ly bind to 
LIo4t, LIo:6, Tgtp, LP.G-47, RCIO-II, c^r Stral3 or 
bi'DlC'Cica 1.1 y active p-:rtion thereof as C'jmciared to the known 
C'jmp'i'ond . 

In another em): ■I'diment , an assay is a cell- free assay 
comprising cc^ntacting LIG46 c^r LIG56 p^rc'tein c-r bi^a bi-aically 
a:::.i'.^e lac'rti'an cnere-af witn a test c^ampC'cnd and determining 
zr.e a;jil:cy zne :est cc-mtc-aand ta mc-dulate (e.j., 
s:im..iia:.e c-r inniiait) the aa:LViay c^f LI74^:., LIGa^:, I'':itp>, 
hr.7;-4/, RCIO-II, 'ar Stral: pr-jtein -ar- a o r^a bag i c a I 1. y active 

leterminin^ the atdlity -af the test 
e tne o. acivit\' af L1:g;4o, LIi:;j5, Taaf', 

ctral: ait oe ^a- :'c-m^:d. ^ sha-a , far exanif'le, 
" '>j lilt a ■_■ r -J I 4 , ii i. a o , g' 1 1; , _j r, j- ~ 4 / , 
o retain :a oinal Zj ^jl lla;4 6, hia-ac, Tgtp, 

■aa raa'.al i no- . In an a 1 c '-rr.- 1 i ve 



o jrt i. am anere af . 

aa ao mada 



r- 



1 Li - X 1 , 



to re _ 



C 1 C' - I I , 'a r' S t r a 
-r aeeermining d. 



aa te rmi n in-: 



ne a;jility a^f 



aa'Qu^. ate tne^ actrvi': 



, Tgtp, L?j7_.r7, Ra-ic- 



.la can be acca'inpl i sneo i:-;^' 



:ermining 



;a i 1 i : 



.:^aenr r, 



■ e aos : rat a a-o.n 
th 

a protein 



viary a^f LIG46, Idailo, 'Igr|a, 
oea mad. eat. ie. Fa^ r aa^an.rde, 

:y of a he rargea mcda-aabr aa"! 
a- ^aerao mined. 

Tatjj, L'RG-4 / , F.G I i- 

-iy active t-artia'n theret'. 



. 1 -; 



v.a:mipound which liooids LIG4 6, LlGaG, TgLc^, LRG- 



47, RCIO-II, or Stral3 to form an assay mixture, contacting 
zhe assay mixture with a test compound, and determining the 
(Ability of the test C':-mpic>und to interact with a LIG46, 
LIG5o, Tgtf', LRG-47, RCIO-II, or Stral? protein, wherein 
det er:m.in:nc tne ability of the rest C'jnip'jund tc- interact 
wicn a LIG46, LIG::6, Tct};.', LRG-47, RGIO-II, or Stral3 
pr:;t'^iri I'on'p)!- 1 ses oerermining tne ability 'i-f the LIG46, 
LI4; Tgtt., LF.G-4 7, R^nO-Il, o- Stral? protein to 
pretG-rent lally omo zo or mc-dulate the activity of a LIG46, 
hI4;5v, Tctpv LRG-47, RGlO-II, or Stral? target niolecule. 

For merr.r'r ane-k^c und r'T'-i'teins sucn as LIG4r,, in c^no 
crmoo>:;.iment , an assay is a cell-jjased azsay in wnirh a cell 
AOicr. exprtsses a memr' rano-;:* :-ono form c-f LL?4o prozoir., or a 
or o Rjqicall y a-rorv-E- pr I't i^rn ^z.orozf, oz: the t^jll surfat:e is 
o...:t t .;;C t CO v.o t n a. t s t ■::'tnjtour;0 cne ard. lity tf one oott 

;:omp':)una z^z r)Lnd tt' a LIG4c c>rco.ei:\ dot e rrrii n-i-Ll. Tne roll, 
for ^-xamplo, can zjo a yeast cell t^r' a cell sd' manimaLran 
orra..n. DetermLning tne aitilit;^- zt the test 'r'trntHrund to 
rrna to tne LIr;4o t^rt'tem can bS' a :: t'tmrd i snoi;.!, htr exaiip'le, 
cy r;:OaC^rng zoo test tt^iTiirtond t.d t r. a rao i tvi S'Xttp'*:- 'tr 

toe !....IG4c pr;tteLn <t.r r i cd c c r c^ I .1 ^' actrvc ozzzzzz: tnerocd' can 
;.:e c-rterr^rneo oy oeteotmg tne .lat'Oled rt'iipt^ur.c in a 
t.xrp..ex. Sco trtariple, test t:t'nip'jonds t:an ire lat'^E feci witr. 

^d, or- 4i , e:^th(=^r directly or indirectly, and the 
^ ^jo 1 .:x s o t C'pe det S!': t ed oy o.i r^E;r:t c t^^nt ing- z> f. rriCi<rtE'mmiss 1 1 n 

r 0 ■ / s c : r: 1 1 i 1 a 1 1 n c r r. n t i n g . 1 z o r n a t i v e 1 , : e i z c o:zp oz n a s 
iuo >::e -r\ r ynia 1 1 t:a 1 1 y daoeleo \vi:h, for examp^^H^, nc^r se raid sn 

z:-:zociZZ r ci^k.;::.i in*E: paro.rl'ia t as*:: , c^r lutiferase, and the 
~rr:yr.a t r label deoeco^iid by det ermina t ioit of cc-nversitn rf 
r-; rii r.o c. in I r.i t sot'Strate to prcjdutt. In a preferred 



t^mt'Odiment , the assay comprises contacting a cell which 
exf'resses a menibrane-b'juncl f'jrm of LIG4 6 fTC-tein^ jr a 
tuc'l'jgical ly active pc-rtic-n tnero'jf, c^n the cell surface 
with a .^n-jwn cc-mpound which binds LIG4 6 to form an assay 
iTiixt..:re, contacting the assay mix::ure with a test compound, 
anc: cietermining the ability 'i-f the test compM-und to interact 
wi:n a LiC.4t CJiC'tein, wnerein determining the abilrty of tne 
test c:omp':'Und : interact with a LIG46 p'rorein ci-mp^rises 
oeter-mining tne ac'ility ot the test :'C'mf "jund t'j 
p-ref erent 1 al ly iiind to LIo46c'r- a t'lolc-gi ca 1 ly active p'Orti'jn 
rnere-jf as cr-mp-ared t-:- tne kn-jwn cjmp'C'Und. 

In anithei' emtcolimeni , an assay is a rell-t^ased 
:::S5a'y- comp'TLEing cc-nt a-:vc incr a zell e>:p' ress inci a niemjc-iane- 



^r:Ti ot LIG4t:. 
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1 1 1 \' 



t 1 Vt:' 

CMlTLp'I'Und 



■ m o r t> i oi iig i ya 1. .1 'y a : 



or a ) 
coc.pl 1 sne^ 

Czl 



tne test ::.:-nipH 



-1^ 
f c r 



^xamp^le, by 



jr a td lc>gi-:'a 1 1 y a r 
5^ J r f 5: re wit h res: 
'f tne cist i^t'iTipo-un :1 t^j mcciulate 
:. n e ^ c i v 1 1 y o f t n h I Gi 4 c 
■e pcrtitn tnere: f . D^E:t e r niin ing 
■i.n'::; t^E^ iro'd^l.aco tn-E; art.'vit. y t-f 
!■ vci'Zion therO'Ef lan ;ifi 

'Cerniining tn^E- aoilit;,' of the 



proce:.n t.c Dinil tc- cr interact witn a Llsjlc t.ai'get 
o^:.^ Lecule . A.e. used hei'ein, a "tar'idt. midecule" is .a niilecule 
-^cn wh.icr: hIl-46 piotem k'lnds 1: interac:ts in not". ..re, fc-r 
-xarip:lcr, a coleoule ot: one sur-fac-E' tif a z'zll wnicn ei-ipi'esses 
- llG-c oiocein, a molet:.Ie t^n cne si^tfare cf a set:ci.d cell, 

inc' loc'jle 

.n tne inC'Erina.x .oartaE-e id 3. c:'Ei1 cieirio rEuie or a 
^.;plciSiEii raolecuie. A LIG4o target mcdi<E:uIe a an oe a. non- 
^" ;r;:. .oi'uha or a LIG45 prioein i po' 1 yp^ooo ide of the 



e ext race 1 1 ' 
tne 



a r ini 1 1 e i. , 

V- -F - 



)ne emiEiOdinient , a LIG4 6 taroet 



iTi'jlecule is a cc-mponent of a signal transduction pathway 
which facilitates transduction c>f an extracellular signal 
(e.g., a signai generated by tdnding of a compound tc- a 
iTiemijrane-t'Ound LIC--^]6 molecule) thrciugh the cell membrane and 
ir:to the cell. The target, for example, can be a secc^nd 
intercellular prjt-'in whi::h nas ca::alyric accivity or' a 
|:irocein wnich facilitates the association cf d-i'wnstream 
s 1 gnaiing m:>lecules with LIG4 6 . 

L>e:ermining the at'ility of the membrane bc^und LIG46 
piozein tC' oind tC' -jr interact with a LIG4 6 target mcdecule 
c.;n be accc^mpl 1 sne':;i by -jne t-f the meth-jos -iiescr ih-='d above 
tor aeteriiii.ninc^ ci.i root itinding. In a tireferreo embt-d iment , 
aeeermming tne ate. lity i^f tn-r LIGA6 r:'i'-j:.ein t-:' ;:Mna co or 

Aith a LIG46 targiec luolec/^le can oe a i-cc^mpd i shed by 
r.g toe activity tf tne tar-get mtd.ec:ule. For 
i'ttivity C'f the target mo looule can iae 
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:;e t^^iiiLin ir.g 
■ xairiple , t n 



• t 1 a / e n z y nia t i c a c 1 1 v 1 1 y o r 



z. ompr 1 s inc 
Q e s 1 r a D 1 e 
rteraor ane-1: 



ce lit. la r- r esot^nse . 

cell-free assays :-f tne p'resent inventitn are 
use jf botr. :r.e std-^ole f'trm oi che iT.emijtane- 

:he mem;jrar.e-:t aano f:rni t>f 'LlGAc, iz may ce 

atilite a st'l uiai 1 1 z ing agent such tnat tne 
in:l ft^^::■L 'tf LIG^': is m.aintain'ad in so lot it n. 
sat:n s vhat' 1 1 i. z inti aaents i.naiude nt-n-i-tnic 
?a ::a as ;t-C'Ct y 1 g 1 act'S itie , n-dodet:y 1 g 1 ::t s.Lde, n 



i.-^ooy :.:na t os i de , :v:t ant y L - N -me thy Lglt<c amide , decanoy 1-N- 
^.v.av, a . tce^rtt ae , T;:v.ton^s' x-lOO, Tra.ton® X-11'^, Thosit^', 
' v: r : aecypo 1 y ' e t n / 1 ene glytti]„ etn-ar/v, l-i (3- 
ca 1 aaal ti acr ocy 1 ) ti imethy 1 amrru nic= i - 1 -prt^pane su 1 f ona t e 
'^HAL- 1 • , '---[ ^ j'-choiamidopropy 1 ) dimethy iammini^..o -tiydr oxy - 



prc'p-ane sulfonate (CHAPSCO , or N-clodecyl=N , N-dimethyl-3- 
amruC'riio-l -f-rC'P'ane sulfonate . 

In mc>re than c^ne embo»dinLent of the above assay 
methc^ds of the present invention, it may be desirable to 
imiTLC-r-ilize either LIG4f>, LlGbG, Tgtp, LRG-47, RCIO-II, or 
S:tal? or: the co'rresrnjnding target n^c-iecule t.o facilitate 
s ooa ro.t i OTi of oc'inplexed fr^jni uncomcdexed fc-rms cif -jne or 
oc'tr of che i:'rcoeins, as well as to accon:iiTi'jdate automation 
of tne assay. Sinaing jf a test ocmpC'und to LIG-4G, LIG56, 
Tutf:', LrA;;-4"^, ?;':10-I1, or Strain, or interacoit-n o-f" hIG46, 
Llozi, TqX-pf Lr-.G-47, F:G10-II, or Stial3 with a target 
laC) 1 o :-ul*e' m tne presence and aijsence of a candidate 



■ . : o omooo. i ]"rie:". 

aS 1 :oi oroto ins 
■r'SO-E-ins can oo 
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iC'jmpd i she^:; in any vessel suitaljie for 
::.:i.n:s. i^xamciloi of s-^rn \'essols inidude 
: - c : z u e :5 , a. n d ii\ i r : ■ - :: e n : r- i f ooo zuooo . 
a i"..Sio:\ ^I'rjLoin can loe p tc^vi ':;es: whii'h 
o.ilo^js 'jc-E' jr ;:) :c n tn-r rucitems zo oe 
Eti^r' s xam):de , g 1 c tat r.u s^ne - - rans te ra se / 
g 1 ut at h LC'ne -;: - 1 rans f o r ase / :: a rg-E- r; tus i 'sn 
orood onZ'Z gl utatni'jne ser-ha r'jse oe aos 
. L-'Uis, KO) C'r a 1 uta t h i i-r.c derivacized 



:t; :: r 1 1 1 r e C' i a t e s , wfi. i ■ 



fi 'E- n 



m;: 



)r :h^ 



e.EC C'jmii'L'uno ana eitnei tne ns n-aEisC'r.C'ecl 
::;rc--t ;:rotc::r.. or ti':;4-, LlGlo, 'Tozi , Lr.G-47, r.'t 1 : - 1 I , c>r 
."z^Oiol: zizteir.r and t h-E; :rdxtcr-^^ i n Ecx-a ^ ed unL^er 'Ei'E'ndi t i c-ns 
■ ive tc CE;iTi|:d -EX f jr:Tiatisn \0- . , ^. t pnys i E) hE'C' ^ ::a I 

._"L)na 1 1 .1 oTiS t E^r sal: ana }E'H ; . r^Ed Ie^v; i.ng incu^E^a 1 1 c-n , the 
L:^e.E;aE. v)r- microt i : rs- tdat^E' wells aie wasne^l tE^ remc've any 
ECED'E.CEC] E'orr:c;cc"it'nE: s , tne matrix imniE'tLlized iri tne ::ase zjt 



-I 



E) r indirect 1 y , 



direct 1 
ernat i v-^Ely , tne conLpl-xes 



can be dissociated from the matrix, and the level of LIG46, 
LIGSb, Tgtp, LRG-47, RCIO-II, or Stral3 binding or activity 
determined using standard! techniques . 

C'ther techniques for immotdlizing proteins c-n 
matrices ^an als:- be used in the screening assays of the 
invent iC'n. Tor example, either LIG46, LIG56, Tgtp, LRG-47, 
?.Clu-II, or StialB or the cc-rresp-criding target m^ilecule can 
tie irrimjjl:> L li zed utilizing c-jn ] ugat i 'jn of tdotin and 
i t reptavidin . Ed c-t iny lat ed LIG4i:., LIG56, Tgtp, LRG-47, 
-,G1j-II, oi Stral? or the c^: n'ospc^nding target m^ilecule can 
oo pretiUT'EiG frcm z^ioz. 

e or: i jue s v. ^e; 1 1 ^^ir-tA'n 
rderce Cnemi'ta 1 ; ; R'Ih;:: k f zu-d , IL), ami i mmc'td. 1 i z e i in th- 
'■■A'e lis o t sr r^epz U 't i :;i n - 1: t e':;. 1 6 wt- 11 td a t o:s (Pier :••=■ 
.:n-t.icai: . Al:ern5: : vely, 3n^ i tccii-E-s rea^rtlve witn L1':j46, 
LlGlb, Tgttu LR'1-47, FjI: Rl - 1 I , or .r-ttoil or tne z : r re3|:f'nding 
'.aLuet ri.ote::uRE- o^'..z w:.! zt iz nzz Ln:er'fer-e wi.tn izindin:i z*f 
me Llt;4c, LIGm, 1'?-;?'' LR'ji-4/d RG11--TT, zr Gtr'al: izrcztem 



-MRS ( !\ - n y zl ro :-: y - s u c z: 1 n i m 1 zi o ) u s a n g 
1 tne arc ( e . <:i . , td zz my 1 5; t: i z>n Lit, 



:araet ixi- 



a no 



aaai t l o^ 
zomple 



ies zea'::tive w:zn tne :LIG4z, L R -t:. 
r or Szr.f:l: z t: z^z ri-e 3p-:>nz; 1 n^;j ^:.a. rz: 
rze-lir:kez. ■^:^ssa\'s v/hmh rz R/ mi 'ilz- 



;ie z L'zat i zz-^u z.'j tne w-; i Is o- f 

:r tR?4e, LRaz6, Tym., LRG-4 7, 

:ne vz 1 1 z jzy az-/tio:z:y 

:ve tzr tne GoT - iimit i.l i zed 
ti'.>n z: z:zirii:dexes usi.n(g 



incr an enz\'iTiat. 



Srzzz;m.:.a 'zmR r ze l.IG-4o, LR-Ro, Rgtiz, t;::G-47^ 
r r a 1 1 zr zc^r i' z'Sp>c>nz:. in'::; t,.^r-z:e: m^zz^rcz 1-e; . 
a not her emb zd ini-z nt , mzculstzrs zf LIG4e, 
4'.^ Rl'lO-Il, or Stral3 exp'tessizn are identified 



in a ::ell-based assay in which a cell is contacted with a 
candidate cc^mpciund ana the express i<jn of L1G4 6, LIG56, Tgtp, 
Lr:G-4 7, ?.C1C-I1, or Stral3 mRNA or protein in rhe cell is 
decermined. The level of expression of LIG4G, LIG56, Tgtp, 
5 Lr:G-47, P.CIO-II, c-r Stral:'. inF;NA or p-rc'tein in the presence 
of the (::5ndidare c-jmpc^und is c-jmpared to the level of 
expressi:--] of LIG4 6, LIG56, Tgto, L?:G-47, ?:G10-II, or Stral3 
iTir.MA -jr prC'CE'in ii\ the aj^sence oL the candidate coniyjciund . 
The candi iare cO'nip"juno ::an *:nen oe identified as a itiodulatC'r 
t of L:G46, LTG;t-^ Tgtp, LRG-47, RGIO-II, or Scral? expression 

'C'mr'ari scoi . For example, when expressic-n of 
■ r jtein i s irreat er { st at i st icall y 



oased on zrAs- 
'^lo4 6 mRNA '-r 



s.i on 1 f Ki: EiOt I V o t'ea: er ) in 



r-resence of tne 'ranoiLlat 



■moo .1 CO 



mRNA ::-] 
n crie 



in l:s ai^senc-z' , toe ■.:and i dat^e' c:c>i[tpo ^OlI is 

: : imul 5 o::r' o^ tR746 mr.NA or protein 
d: -EOT. at ivel ^o wnen exp'ress ic-n uf TR: 
a ( : a t 1 i : 1 ::a 1 1 y s i :rn i f i a n t R/ los s 
.•5 ■::andi oa : e oor^^:>oor.. :1 z nan in i.z s ar . 

IS I'Cienr L f iec; as an innijjioL r a f L1G4 6 
mr.NA or orooem exp>ress i crn . The level LR:;4'; itR-.NA or 

:-orc";LOir. o xci' o .E £ : a:\ in to\e ceiis :-an oe determined ;:'y metnofis 
...;e 3o ::mbeO nerein mar oetearino .:^IG4>: ir.r.XA ^^r prazo:oo, 

Ir anotoer emr'C'O inient: , rto ciu 1 a t a r s ot LIii4':, RR35&, 
io::p, RR(:^-4"^, -.t; 1 ; - 1 1 , ar Saial: i^:mivimv are ddenaifieo in 



oan(a:.oaoo caancjc ~^nd 



: e . - r ci s e o a a' s d ' / i n w 



net an 



-r Strala^ 



.a o z I V 1 : y o f 



leaeLnmiiea . 



ioa':teo wi"*o" a 
alRS, LIG:o, Igtp, 
mFNA or pre coin m tne cell is 
ne level af activity C'f RIG46, RIG ^-6, Totp, 

Ir or Strait mF.NA 'ai- ic^rc^tein an t ha- pi-esentae 



■ e ccmpouao 
s a a , a ^o a o , 



CO mo 8 ree 



a r a i a 



mF;NA or prctein in the absence C'f the candidate compound. 
The candidate ccimpound can then be iaentified as a mC'dulat'Or 
of LIG46, LIGSb, Tgtp, LRG-47, F.CIO-II, or Stral?. activity 
basea on this c<jmparison. 

For example, when activity of LIG4 6 is greater 
( soarist ical iy significantly greater) in the p^resence of the 
candidate cc'mp'jund than in its ah-sence, the candidate 
compound is identified as a stimulat'Or c^f LIG4 6 mP'.NA or 
protein ex}:ues si on . Alternatively, when tne activity ot 
LlGAo is Loss : st 3t is t leal ly si :inif leant ly less) in the 
cresenc*:^^ oU the candidace c-omp'Ctund than in its atisence, the 
cand_Ldaoe c^c-mro^und is identified as an inhii:- it -jr -i-f L1G4 6 
ci CO 1 VI oy . 

In yet aO'Otnei aspo::t Ol too invent ii^n, LIG46, 
liGtC, Tctji, L!':G-4', F:olO-II, :u- Stral: cuoioein can be usee 

tyr^rid 5:.ssa.y or. zr.roo. nyr-rid assay 
r^tent \o. :,^.::,:17; Zerv^is eo al. (19=^1) 
.2^.; ?:diOora. oz al. (I9:-:d J. Bjz^l. 'i:ho:n. 



i 1 Z' j t 



B. 



'i^chri I Olios 14: 1^1 



: b ^ : 12i' 4 c- 12 J ^ ^ ; Barrel -t al 
'24; IwabUi::ni et al, ( 1 9 2 ? ; 2noog-£^ne 8:lo9:-i2o6; and P2:T 
■'colicat i.on NC' . Wo' 24/10:0:), t loentify S'Onei- piO'teins, 
/nicn bind to oi mterac: with 112i4c, LI^'S-:, loof;^, LR2:-4"^, 
"212-::, or Stral: and m'ldolate a'::tivity. 

2:-.e tw:j-:iyrriG system is Jc ased so. tne uO'dular nature 

: :Tt:s^ runs c r i it ^ i on ta-otors, wnion ccnsist cb' sep-araiale 
2\A-c.inoina and a :o i vao i : n doma ins . B.ris^f 1 the assay 
vilizes TWO a]ftsuenL DMA ton.otrut:ts . lo\ ooio oor.otTooo , 

ne oer.e tr^at .tC'des for tne poLteir. c^f interest, • g . , 
't!;.r;i.:, ^s ruseta to a oene enc'::dina the oNA bindma domain 



- • a • ' 



r; 



■ 4 



tne 



>t ner 



rj UNA sequence, from a library ct L;NA sequeni:es, 



that encc'des an unidentified f)iotein ("prey" or "sample") is 
tused to a gene that oc'des fc-r the activation domain of the 
knjwn transcription factor. If the "bait" and the "prey" 
prjteins are alole to interact, in vivo, fc^rming a i::ompiex, 
the JNA-r-ir.di ng and activaticri domains of the transcription 
fa.:::'jr are br-ought into close p^rciximity. This proximity 
alic>vs o r anscript. I on jf a repHjixer gene (e.g., LacZ) whic:h 
IS otjerard.y linked tc^ a transcript ico.a L reguiati^ry site 
res|:ionsive zo the transcription factor. Expressicn -of the 



:-e::'or ter 



fje detecte-:; arA cell colc-nies C':ritaininq 



f"unctic>nal t r-anscr ipt ion factc^r can t^e isC'lateid and used 



■J O O ^. c .1 " .. 



'z' r e ' 



olc-n-E^d gene which enct-des the protein which 
.:tral:. . 

tventitr. furtnor r-ertains t-t n-ivel agents 



^ :et ^ 
I t^ns 



1 It) 



samp I 
Lon o 
e d 1 n 



or fi 

::an b 
e a g n 

map 
o g-E-n 
on t 1 f 

t=i (' "i 

f a b 
tn-E 



agments f the zDKA LIG4': ani LloS-t 
t-= rein (and the :;or-iesp'C)ndi n-:: c-onLolet.' 



' y ' 



usee; m O'^nierZ'US wa 

.eir i-^Es::'e'::t i ve genei t;n 
rc g : cr.s a s sec: i a t ec wi oh 
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nierice - 
: ::hroiTn 
net it 



jme , 



y an lOiidvidual fr^tni a iriinot- 
ssuc' typdng); and (in) aio in f'trens, 
itdC'gi ca 1 samt'le . These ap'plicat itms 
subsect i<jns beiLO// . 



['"^i ci p p 



a 'gene has been isolated, this sequence can he used to map 
the I'Dcation 'jf the gene 'jn a chromosc-me . Accordingly, 
L1G4 6 or LIG:.'6 nucleic acid molecules described herein or 
fragments tnere^of, can oe used to map the location of L1G46 
or LIG56 genes on a chrc^mosome . The mapping ot the LIG4 6 or 
LIG:i:5 sequences to chromosc-mes is an important first step in 
correlatinci these sequences with genes assc-ciateo with 
ci 1 s o '-.i 5 e . 

Briefly, hIG4f :^r LIG:-? genes can t^e niapp'Od t 



r^revja r i n^:: [''IF. primers (p^ref er 3;jl; 



1 j-^'z- 



h'p in 



r'jr:Oo'jmes rjy 

lengcn) fr^jin ^.ne lAG^i'o r L1G:6 secruen'Ses . Cc-mfjuter 
c;nalysis of LIG46 jl Lril:6 sequences can be usee! tj rapidly 
sele^ct primers :r:5it dc- r.oz sttan more than cric ex.^n in the 
aen-jinic DMA, r'ri'js rC'mr'l i'l'at ing the ampd if icat ion r:irocess . 
These prim'/Tr :nen ji-e use'i; fc-r ?Ct. se:ieenin:r f si'mari'.:" 

■."el 1 nybricis ^-'jnoa inlng inc;ividuai nun-^r. cnr imc'S i-mes . Onl'/ 

nycri.Os c i^n*: i n i nc: "*:ne n'.;man ^ene ■::C'ir-E;sr)':'no in'i: t:^ toe 
lAG-f CI LlGz^-z t e':r..enc-e5 vr: 1 1 yielo a.n 3.mr:d i f i e^:i t ra'iimenr . 

Son. at I r roil hyc'iiac are sreiar-ic; zy fusing simatic 
jells from di.ffer'ent mammals (e.g., hum^n and m^juse ■jells). 

As oyer ICS ot n^^iTian and nj:use ceils gic-w and divide, they 
gradually lc;se numan cnri: mC'SJ'mes in ranjl'jm ■jraer-, out retain 
^.he rncase c:h rC'mj s^Jines . By using media in whij-n mC'USJ ceils 

\. ars--;, tetau-'e tney la;;K a p-a. rt i c jA a r enzymj , t'Jt 
■■.jn-:^:. -.."j-is ■::a:'i, :.n- one ^.um.::n cnrc-mj^scme tnat C'lr.tams the 
^co- r: U i.ng tn-r neeoj'd ^;;'nzyn[e, will t-e rj tamed. 3y using 
Vo, nous rreclia, oa.nj-ls t^f :.ybric; cell i rn':;^s zan t^e 



.1 ne 



t'Une i 



eo. Each cei 

iU^e numa.n ch r jmU'Some ri a small num;ser cA h„.man 

'jmosc'mes, and a full :ret of mouse rn r t'mosomes , allowing 

^y n^apcinc of individual genes to spesific numan 



chromosomes. (D'Eustachio et al. (1983) Science 220:919- 
924). Somati:: cell hybrids containing only fragments of 
njman chromos'jmes can also he produced by using human 
chrcimosc'iTies wi tr: trans locations and delet i'jns . 

r'L'r. map'pdng of sc^matic cell hybrids is a rapid 
oroc:edjre: f:^r assigning a particular se^quence to a 
p.:i rt 1 c: i 1 a r- I'h I'C'iTi'jsC'me . I'hree or more sequen-::e3 can t^e 
assignee poi day using a single tnermal cycler. Using the 
LI':74 6 or i.MiSo sequences to design o ligc nuc le-jt ide primers, 
soolocal iz^zror. can k)e achieved with panels of fragments 
fr-jm specific r^nrC'm'jS'Omes . 'Jther mappdng scrategies which 
can similarly oo usee; zo maf^ a I,IG4& :-r LlGoo 3e<:[uen:e to 
It- 3 cnrcnKJoSiTie induce in situ hybr ioi zat i 'jn (descriijed in 
r'.^n e: :^1. ;il?l) Proc. NE:ti. A::a:l. Soi . USA 5 7 : 62 / 3 - 7 ) , 



1 o 1 a 1 1 Ot 



1 5; 

/ r.'/or lo. 1 z - 

a irie:.av:n5.: 
vice a zro'. 



^oloo. f i :'W-s:'r:.eo OTirom-'. ^ omo^ , and ;:^re- 
0 1 o\\ : on. r : m i.e i^m-E- spe : i f i c lOh A 

r. sitL' hyc ri 0.1 z 31 ice. (FigPi) S'f a DI\A 
;e rnr-:^m-is-:'ma 1 spr-eao can furthoi- k-e 
'ise cnr MTtC-scmal lijcacii.:n in one step. 

e lis wh'jse civ i s ic n 



:m 



Tr.o on roiac-S'i-m'; 



n":romosoni.e , sc 
.r,a..,. V iduci^ ly . 



:h 



oo in. metap'Case ;iy s 

she iT.i zoo ic so mdle . 

/ 'a' 1 n c r y' o i i , a c o 

iign:: an(i daro k^ands devehipiS ^jO each 
that zoe ■iihrcmt somes '::an icnr I'ientifieo 
The B^ISH tecnnigue can be use-:! witn a DNA 

art as zzz or 6-jj bases. Hc'wet'er-, cIctje^s 



m 1 c: 
n Z'O 
ems a 



.can 1 , 000 oa 



3 s o s n a V e a h i ^ :f h 



11 kelihc <jd 'jf l:^lnding 
c 1 e n t 'EC g n a 1 
e t e I" ci t) 1 V 1,0 J v.. I J SOS, ,1 : i 



rriijre preferat-ly 2,000 bases will suffice tC' get good results 
az a reasonah'lo amo-unt of time. Fc>r a review of this 
tecnnique, see Verma et al., (Human Chro^mc'Somes : A Manual of 
Basic Techniques (Pergamon Press, K'ew YC'rk, 1988)). 

Reagents for chr-omoS'jme mapping can be used 
in ilividua 1.1 y t-:-' mark a single chromc'SC-me or a single site on 
zrrdt cnrcariC'S'Ome, c^r panels of reagents can be used for 
m.irKing multifile sites hrA/or multip-le ch r-cnic-s jmes . 
P.enaenzs cc r r es^-jnc^ing zo n:n-:;jding regijfic o[ :.ne ^enes 
:ac;t..alLy are |:> r e f e r' red f'jr niajiii:' ing c-ui p. z^ses. Cjding 
s^'quences are itmmo iikel.)' t :■ oo C'jnserveo within 'iJene 
families, z'n-:..r_ increasing cne cnanre of oross nybr idizations 
:-ma 1 mac^ciing . 

sequence has Ijeen mapi^ieo tc- 3 c^recise 
zaziorif tne ^mysicai C'-isitiin c^f zrio sequence 
:iT!*E' oazi oo. C'lur^lateo witn jeneti :' m-o ilata. 
tC'..no, toi exam:iie, in V. yc?:usi:'k, Menoelian 
w:an , ava i .1 ab 1 or\- line t: t r : u^in 'I'jnns Hiai ins 
::r. Medi.cal Lijirary). Tne rel at-ic-nsnip oetween 
ise, m..etp'iieo zo zr.e same cnr iniL'S'imal r^egii-n, 



ilur mq cn rcmc^ 
Oooo < 
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y We. 

3 n d d 1 s ^ 



inner 1 can ce iif 
. a . , Eoe^and • 



;i ihr'iU'irh lineage anfil^'sis (c^; 



c=ic.ally adjacent genes) , desc~r. 
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/ : / 



■et we e n 



I. .r 



:'id ar.o. unatf 
.a TIG-^: ■! r .1 
cjS'i^rvea in : 



'US e 



zr al i 



bo dete rmined 



c-..e at t eczob 



oaz net in ar.y unaffected individuals, th-:n ine 
litfE^ly t^j iie che :ausacive agent ol the 
iisease, Comp'arisin of affec-ted and unaffecce(i 
:^eneral:y involves first lookma rc;r stiuctuial 



alterations in the chromosomes such as deletic-ns or 

t ranslc'cat ions that are visitde from chromosome spreads or 

detectao'Ie using PGR based on that E)NA sequence. 

Ultimat el'^', complete sequencing of genes from several 

indiviauais can be p-er formed to cc-nfirm the p'resence of a 

mutaticin and tc distinguish mutati'jns frc^m r:-:-lymC'rphisms . 



z . Tissue TvT'inc 

The LICt-4 6 -tr LIG5o sequences t-f the resent 
mventic^n can aist Ijo used to identify individuals fr^jm 
Timute i::i :^loclcal samples. The Uniteti States military, for 
example, is ^iM^ns loer mg tne use C'f res tr i ct i -jh fragment 
l.engtn ;:u; 1 ymcu-pn i sm (F.FLE) for ident i f ic st i -tn t-f its 

In tnis tecnni-que, an inuiva tiual ' s gentimc DNA 
J \<izr orio oi mi-re res 1 1' i c: ic-n enzyiiies, and prot)ed 
o:\ :ii .Sct.tuern o hiK zo yielil unitjue ijanos toi i o--r. 1 1 f i-::at i on . 
Tuts metnot: CM^-rS :\yr suffei: fro'iri :n-E- ■::urror.t I inu.t a t ic-ns c^f 
"leu Tags" acicu tan ;: e Itst, svitt:hed, t^r st:Ien, ma<ing 
rositive ident 1 f 1 tat. It n oifficult. Tne sequentes ot tne 
oresent invent itn are useful as adtiitit-nal :jNA markers for 



ues tr 1 t:t u in 



L.^^nerm:it, tne seq^^ences z-t tne puese-nr inventic^n 

■ietermir:es tnt t;Ct-^al :t 5i5e-ity-;ta3e I'XA sequt-nt-E- oz selectee 
t;urtiun5 ot an mt; nv lo.. a 1 ' - gentme. Tnus, :he tr 
'^A'ZZt seuuence? dest:ri:tec neiein ta.n t'O uset; tc^ c^rtc-are t.wt; 



f r :-,T 



t rimers can then 



ends cf the sequ'innts . Tnese 
ustui tt anicdrfy an i ndiu^ idua 1 ' s DNA and 

r':nti.ls of tor respondin:? C'NA sequetices from 
/u;;U::;.s, tu-pareo it zv\zs :tdr:ner, can or;::^vtde 'jnitiue 



individual identifications, as each individual will have a 
unique set C'f such DNA sequences due to allelic differences. 

The sequences of the present invenrion can be used to 
obtain such identification sequences from individuals and 
from tissue. Tne LIG46 or LIG56 sequences C'f the invention 
uniquely repiresent portic-ns ot the human genome. Allelic 
va r- lar i'jn o::-::urs to some deqree in the coding regic^ns of 
tnese sequences, and t :> a greater degree in the noncC'ding 
recL'jns. 1: is est i:T[a te^:; trnao allelic vai iat icin jjetween 
lod L vidua 1 namans C'ccurs with a frequency ot aizo'AZ orice per 
ea::n 5jJ bases. Eaci^ .^f the sequenises desi'i'ibed nerom can, 
to some dec^ree, oe used as a standard against which jNA frc^m 
rvn indiz/Lduai can t-e cc-mriared f-jr ident i f icatic^n r>urpC'ses. 
Be:'a-.S'=' qrea: or nuiTilo^'i s C'f p'j lymcirpihisms c-::cur in the 

:uo I no r-o i ons , f -■we r sequences a re neeeesa r y l o 
\:iif "rer-'izi-hte indi v i s-u a 1 s . Tne n-jncsoing sequence- et' 

.: lien:, 1 ^" 1 rao 1 'ju witn a panel ef perr.aes 1: zo l,-:Ct primers 
wrier: eazr. yieid a rez.eeerr..e amiolifiec; seq:.enco zt Izl 

If p-redictec s suing sequences, sucn as thc>se m SEij 
aie '^sed, a msue arp-r'Spr i at e numii^er Z'f uirimers fs'i 

moividual ident i f icar is^n w-suld re IOt-2, it; . 
If c r.anel :f reagents frcm LIG4^ ei LIG:'6 sequences 
io-crioeo ner-E;in is zsee "C _ gensrrste a uni'ijne i s:en 1. 1 f i '::a : is^n 
r.c: Liz zz\ z rz\i r i -r..al , zz.ese saiu-z reaeez.ze can Later be 

-sea Zi zeezniZY tissje frsm ^nat in:;iv idua.i , 'Ising : h^i^ 
wMque sdent if icat 1 sn datar-ase, ^'S'Sit ive ideno: f ic.ati'in s>t 
he individual, livmq i.r dead, lan te mads; frim extremely 
ona I L 1. s s u e amp 1 e s . 
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F orensic Biol-jgy 

DNA-based identification techniques can alS'j be used 
I'A forensic ijicdcgy. Forensic biolc-gy is a scientific field 
empd i nq jeneti:' typing of bi'Ol'jgical evidence found at a 
crime scene as a means fc-r pc^sitively identifying, for 
examioLe, a pier p^ec rator C'f a ci-inie. Tci make such an 
ident 1 f i oat i 'On, PCF. tecnnc>loqy can be used Lc* amplify DNA 



::uen'Oes taken fro 
. a . , r.a ir 

a, 0)r so-m'On fO' 



m very small biodo)gical samt'les such as 

O'T skin, O'r t-ody fluids, e.g., ndO'O'd, 
und at a crime scene. The ampilifieol 
e cO'mC'areoi t o ^ stanolard, tno-iet'y 



. :ient i f i oat lo-n -of tne oirigin .of the td ol- 
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Ine seoroences of rne p^resent invention o-an ;oe ^sed 
oae pO' i yno. 0 1 eoc i ce leagento, e.g., ?C?. p'rdnieror, 
i to; oc'eo:ifio: lo-oi m the njman ^lenome, which oan 

1 oat ions :oy, tcr exaiTpde, :oroviOiing ^ino'tno^i' 
focitnon m^ixier" (i.e. anitner ZPIA seq-^onooo mot is 

toai). As mentio-neol acnove, 
inf O'l'mat iooo O'an loe useoi for 

rate al tornat. io'e to c^attoims fo^rmea 
y'me gene rat eoj f ragments . Seoj.^ences 

fo't tr^is use as or eater nuniijcrs c-f 
0 nO'no:oc;.i ng r-eo|ions, m3<ing it 
1 no; i looi 3 IS us 1 ng this teo:nn i que . 
00^ r eager, :s io.O'Lude t.no^ LIG4^: o^r 
ons tho-reo'f, e . oj . , fragments do^rived 
he^ lioncodono r'egions o^f SEi' ID NCcl having a length of 
si ...0) r ihJ oases . 



iden t if icat ion. 

taroeteo to noo^o-odio. o I'o 

r oi y:ncrpnisms o o:o:ui' m o 
■::.aso-rr Oo oof f orcn^ I ote 
Exaooiles co : po)i >7"iuo: i.eO't i 
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The LIG46 or LIG56 sequences described herein can 
further h-e used tc- provide pc'lynucle jt ide reagents, e.g., 
labeled c-r laii-elat'le proves which can be used in, for 
examp'le, an in situ hybridization technique, to identify a 
5 spec:ific tissue, e.g., brain tissue. This can be very 
useful in cases where a fc^rensic pathc-lc-gist is presented 
wi:n a tissue c f unkn-jwn C'rigin. Panels of such LIG4 6 or 
LIG:'^:' probes can i^e usee zo identify tissue by species 
anc^/or by organ tyji^e. 

In a simiisr' fsshi^^n, these reagents, e.g., LIG4 6 or 
LIG56 r:;rimers ci pio-bes can li^e used t s::reen tissue culture 
for conoami nat i'l'U (i.e., screen f'jr the presence of a 
mixture ot different types -^^f cells in a culture). 

Tnis invent ii'n is f..rtner illustratec; oy the 
n.-:ilowinc ex:^:T[C-les wnirn sroi'old rioz 00 zooszrooo as 
x:ttoing. ^00 : on tent. 5 ot all r'eferences, )j stents and 

cioplica^ ion are neieto' m i-cu'iotrat ed ii'^^' ref-E ren:-e. 

EXAMPLES 

■I X a rap le I den: i floa t i o r. ot Leoz m I n ducec i je:tos 



Tte lof'tin ir..oo.zoo genes c-f th-r inventic^n were 
o;r:liT;:; cy lomparixo zoo ^xpre.isito. ^jaot-i^rn 'i^f leptin- 

:: s r X o- . p o t : - r n ■: f ■: r x e r \x izo 10. e n 1 1 c a. I : i' e a. : -r d ells not 

-pa ratxjn C 'f ' lb F.e'::et' t 't r E xtZ'res sLno N eurt nal Cell s 

^•.x adenovirus vecttr exp.'ressing Ic-ng fcrm murine OB 
:'-p^.t2. ObP-L' (Bauinar. oz si. (I'r^^o) -'loc. Nat'l. Acad. 
. -x-x ^- 37 -'^ - ; -xas prepaiea .xsmg staxuarti te^xxiiques 



A high titer viral stock carrying this vector was prepared 
and used to infect GTl-7 murine neuronal cells. The 
infected ceils were incubated m standard grc'Wth medium for 
4 8 nours and then tested for ObI--L expressiijn k y measuring 
binding of iat.elied leptin ((1995) Cell 3 3:1253-71). This 
assay iem'jnst rated tha: the infecced cells express Ok.P-L. 
Prepar at i'jn of a Suljtracted Library 

The (jbR-L exp'ressing niurine neurcTial cells described 
ab'jve were starveo were four nc'urs by grC'Wth in serum-free 



medium. : 

m ::uba z io: 
cnree n^i^u 
s 1 mu X ^zt' 
and "^sec; 
rci r [Clon 



san.fde c-f tne 
in the 



irveci cells was 



imulat.eci b^ 



:;ieate iTjNA usm^:! tne SMART ?CF™ O-DKA syr 



f rcrr 



^ re sen re C'f 100 ng./ml murir.e leptin for 
A ;ec::'no sam^-le oi. starved ceils was mC'Ck- 
Iital RXA was iS'jJated from both sell samples 

e s i s 

Alto, CA) „ The two coNA cools 

RNA narvested frc^m uniieated 3n^:l 
:-rea.ted describee ak'C've were used 
iijorarv '^smj tne Tbonteiin PTR-Select 



1 



e ^ 

- 1 1 ^ 



1 



r ee: 



t ne 



niC'rar ■ 



:nd Analysis c^f 



clooeo- m the sujocracteo li::'raLy w-Ers ci:ne:: 
tczor jjlasmiii T-Aov (Advantage IZR 'Id.s^ning hit; 
-ns,j. Plasmrd --oeootj.o. flanging prd.mer^ wei'e 
[ o.mpd 1 f y ::jNA ir.oovos frsai tne libr-ary. ir.e ?TR 
rre then jseii zo '^.ceazo mi-:;i" :-E;r rays orz Ziylzo 

iTii ::r'o 3 r rays were o-r^r-oed witn iar'cl-E^d sjXA troiv. 



o 



ibrary. oo^ itive ci jfies iderrrii: iec 
i q u e :r c e a , a n d :i i f f e r o n 1 1 a 1 



1" i 



v .11 c f 



vV -e r 



p^re ss 1 cTi 



e r i 1 



v;as confirmed by virtual Nor 
tne origrnal treated and untreated samf;)les ip. 



subtracted cDNA generated from from the original cell 
samples). Aoditionally ^ a subset of these clc^nes were 
analyzed f-:'r i:>rain and peripheral tissue distribution by 
N'jtnern bl'i'tt ing . 



itive clones which appeared to represent 



ncivel c'enes were used to prc^be a murine whole t^rain likirary 
i Older zo icientify full-length clones. This resulted in 
me identification cf LIG4 6 and LIGe>6. 

Six cf the leptin induced genes icientified as 
descrioed abc^ve, LIG46, LlZlt, Tgop, LRG-Al , RCIO-II, and 
Szrall are des <:: r ic-eo. in qi'eater :le:ail t-e 1 jw . 



£xj_:TV[:d_e__2_: Cna ra^st or i z a 1 1 on C' f Murine an o Humian LlG4c c jNA 

and Pro c e i n 

L,lV4 6 zZ'NA i.rcdared as descrujoeo aiac've fcE'j IJ 



■^Cu I ' n.^5 a. il^L na. rleC'C ide -ap'On r-aaoing t raiTie (nuclaooio.es 
_ __~ ZZ'l l\y:0:l; I i a KO:}) wniah aa^aaa-aea a 7 

aa.Loa a a :o paooei\r. (SEQ IP apaiP;. IPais r.raoain incluaies a 



rarooiotOG aigna. 1 aVa^uenae a>f aiacot 
aniinc acaa 1 OC) aia(:\jo aniina> acio :■ 
caedaotod ^aaaure c-rr^oein af ar-c-act 
aooua araanc' acid :: t-^j amine aa:id 



amina aa'iais (fram 
'f 3 EG' 1"' NP):2) and a 
amina aciala (fraan 
of PPQ IP KG: 2; SEP' ID 



raaelidUat: aaamain a-f hIG4P extena;s from ar-out 
a ip;:ut v;:irdna; aa'id :.2al . GlP4c cu-aoein 
o:~eoi:aec: t i anameiab.r-an^' da^ina.Ln whiah ex:enos 

one;) of PPi;^^ IE' NC'iz. Tno a-yac'plaamic da>main 
P2G4P extends fram aaa^ur, amino acid 221 aa^ atout amina 



protean naa same sequence similarity to a 
ai:t asyl t raasf erases . Gal actosyi t runs f erase 



have been implicated in developmental processes. In 
additiC'Ti, galactosyltrans f erases may play a role in cell to 
cell signalinq by m^jdifying tne carbohydrate repertoire on 
cell s^rfa'::e re-:;ep>t.jr s t-j activate, inhibit 'Or otherwise 
modify (e.g., iiy alter recer-tC'i affinity fc-i- a ligand) 
rerepror acr.iviry. Thus, L1G46 may play a r^i-le body weight 
regole^tion t-y influencing cell to cell signaling mediated by 
m-jlecules ir.V'Olved in loody weight regular ic-n, e.g., leptin. 

Tne Lls4t ci :■ 1 ypeiC't ide sequence of SEQ 10 N'j:2 
in::luiies p-jteniial !:-gl;>'ci>sylat.i-on sites at amin-i acids 30- 
33, ~^:^-:2, :---=o_, lj7-17:, ano 21:^-^21; r-aten:.. lal r-ir'tein 
KinaS'z! C: ^ 'niisjih'j r;^' 1 ^ c ic^n sites at anini' ^cios ^4-2 6, 2 02- 



1 1 phosc-hC'i'/l. 



..0, ami r-jtential 
sites ac ainin':' acinic 31-34 



^4- 



< 4 - 



/ 



3;nci 



■r y i(ic ion site 



Ocrt r:V:i 



ci na s e 
13 5- 

P'C>tent ial t '/r C'S ine 
: aniin':- fii'lLlc 110-122; ^nd a 
:tii nc' ^ i as : - . 

s irra lar t : :-e r : 5 i n 



1 qniTie: 



r f }:Art r..ns . . 
OS c i a :";.-^^mLt'er 



f gala'i'Losyltrans fei-ases , 
_ncluding: 2iLis ::\usx^\ilus -iJO-Oial: ji-et ati 1 ::NA-: r-eoa 1,3- 
la lactosylt rans f erase- I ( A.:-cessiC'n lajmbei' Ar^02 97 00 ; 2: 
^C:_ Mus j^: :^ 1 IFO-Oial: b^E't 5.i31 :2vA'::: a 1,:- 

: ^ : fic: osyl^-:rar.sr*='rase-l I I ; A::-os.e:i j: M_;mb*3 r ArA'^ 3'7 A^ ) . 

or T'lr...! joen L^' SfE-:-r'et,e':i i.cn;:^ i 1 i O; 



A" LAO 4 0. 



Ac'.osisiOin 0"^mi:'ei' 0'4 1440; 2:12 12 lAl : i; Eino, HDnio 
JDr^-go laccc'se : 0 -a'::e : a.iTLia'j-^ - 'liei'Xy- j-c lacc'se:: b-rta- 
,A L -ars f era.-:e ( Ac: ::es s iioi Ni^nter YrA:i4; SEQ ID 

A rr^ajority s*-<jaen::e is iiepii:tea a.oove the siAid 
iistT^ived residues ar-^ shaded. These residues are 



::A 



more likely ccinserved in functional variants of LIG46. 

Figure 3 is a hydr-i-pathy plot of LIG4 6. Relative 
hydrC'P'hobicity is shown above the dotted line, and relative 
n'^'drC'P'hi 1 icicy is shc-wn below the dc-tted line. 



Cl^'^T^ 7 depicts tne cE'NA sequence of a full-lengt 

^ hurrv^n LIC746 c iV^ne . Figure S depicts the piedicteci aminC' 



h 



a-:-id seq„.en^tE' :V human LIG-^f. . The human LIo4 6 cDMA depicted 

m Figure 7 {.:E'J\^IO NO: ) has a ll^^l nucle-'-ide .I'pen 

readinq fiame whiS;h enccides a 3 97 aminC' aci'il prc-tein (SEC ID 

\ 

N(j:_ Tnis C'rot^m inchudes a predicteci signal sequence 



3 I a!!' our. 



2 aininc' a^^i'^is (frz-iTi aminc' acid 1 abc'^^t aminC' 
3F0 IF yiO:'^^ ) snci =t p'redicted iiiature p-rctein ot 
■vib::rj:z 3F5 airiin': aci':;5 \(fr:-m arij^^t SiiTLini' i-::io. : zo .inline- 

33'^ c f oF3' IF N'j: SF^' IF N'J: ). Figa.r*E^ 9 dep'iots 

n.: a. 1 ignmenr -z-t :.ne ::FNA' iequen':'es F-^ni5;n LIGlc: (..jj^-er 
sequen::e: an^i murine I,IG4g ( Fjwer sequen::e). Figure 10 
uepiors ar aiionmen:: ot zr.'^ jir'aciicried ^minc' acio ;5 :{a.ences 

n-^mar. FF34-: (uppjer' s^-quenoe; and murine LIG4F {l;'wer' 
sequence; . 



:; Fa ocm c_ ^^^r ^.^n^- ^j.:- 

LIG46 was mapp'OCi t C' hu:Tian ch r ccii-i-S'i'me 2, 17. =■ iGojo,; 
ric CO tne Wnnren'-ao Institute fcamewtrK. na.r <.S'i- 7)282 90 
core ^ 17.7) and .■: 3 . 7 Or.:,o,,o c:ent rc)mei:i c of t.Yiz^. 
eciG :ranj=;w<jrk :Tia r '■ob WI-'717I (FGli S'tcr-e ^ 1 3 . 'j ) . Tnis 

:.:crrespon!is zo cytS'Cenn:: I'tcac it n ^. pl2 - L : , witnin c^r 
utso:ie the minimal interval fcr ALstrt'ir^ syndr tine 
: et a:. U95^; Human Gt^net . 1 7 7 : '7 1 c - 7; 1 ; . Alscrtmi 
r:.- an autostoial ret:ess7ve o i S':' rid-- r cna ract e r i z ed by 
^. < .ate s 1 1., y , rec. : na 1 oitiment gene i at 1 c n , neurogenr c 
s , n;t r. - 1 1: s a 7 1 n dependent di abe t es me 1 1 1 1 us , ch r^L^ni c 



# 




G-i'Tp^bV i 



nephrc'pathy , and hyperlipidemia . Other symptoms include: 

c 5irdi'jniy jpathy , a c anthers is nigricans , hypothyroidism, growth 

h jrmone ae f ici ency , progressive baldness , hyperuricemia , 

gynec'jmac t ia , and reduced fertility ( P.ussel 1 -Eggi tt et al. 

(i9^i:^ -Dpnthalmolcgy 10^:1274-80). 

f^j^ r i^-f ly , tne LIG4 6 gene was mapped using the 

F:adiation Hybrid Panel. A pair of primers 

/ithin The ?■ '\ unci ansla ted regiijn of LIG46 {forward- 

ATGTTGGO-GTC'IV'ACATTAGAG, SE'J ID UO: ; and reverse- 

G':;TAAGT0:A0:A0'GA.^ATG0TGGG, SEO id UO: ) were used to amplify 

DNA frc'in tne GerN^MM'i ige 4 c-anel. The ?0'?: c^r ooucts w^^re run 

\ 

on a ^: B^gar^jse g^l, stained with SY3F. G-:dci anc; 3::anned. 
Linkage 3.na lysis w>^s oerfciimeo using the Map Manager 0'T62 3 
s ;: f twa.re -pac kage . 

I.I0;46 n^rleic a :'!■:{ mcdecules C5in z>e used in tne 



Q n ' J s 1 s o f A L s t. r C'ITl s y : 
■■4 ■: C:c . ype pt i oe and n-. 
:r-s.~^ : r a z z ivi zy : 



ir-jme. Mii'O'jveru i: is pjssiji'le 
ca.u5e Alst. r^on synorciiie. If s:., 
I'lei:- acii ru.ol e :: 1 es as well is 
nst IIG4o m^jo... 1 a t i' a if 1IG46 

an ii'E usO'i zo tr-eat ALstiMm syndrome 
if Alstrom soncrcme. 



Jiso r i;iu"t ic^n 'if LIG'4 6 mr.N7^ 



K ^ I ": • 



he excu'e-ss ii-n C' f LIG-4': in murine cissue was 

- : nc: 'So zzr\orn o 1 ot nybr i d i zaz ion . Ana 1 ys is if 
^zj.z bizzs reve.^l'io z:\<^z LIG4i is expressed at the 
^ive... in neart ,^no Iivi^r fiu_Liweci ii^y lun^g anc 

hIGi4o exp'ressi'in m murine brain revealed thai 
s express'id at least in tOiO nypc^t ha i amus (including 
^_.ate :nicleus, the vent ra.l /medial nypc>thalamus , and 



the superchiasmat ic nucleus, the hippocampus, the cortex, 
and the striatum. 



Example _1 : Secretion of LIG46 

5 LIG4c prcitein is nc'm.ologc'us to D, melanogaster 

oramiac (Gc-jde et al., (l-^*^;^6) Development 1J2 : 6 3-7 9 ) , a 
3e:"reted pr-i'rein (Eig. 2). As discusse^l above, LIG46 nas a 

preoi-:'~ed signal sequence a^^ its amin-o terminus. 
Therefore, determine whether LIG4 6 c>rc'tein is secreted, 

n full-lengtn LIG46 (amine* acids 1-397) was fused zo alkaline 
pho3phaza~>e csing methccis similar to thc^se p'revi r.us 1'/ 
oef^crioeo (fosi^-n at ca rioc^xy- : e rminus jt LIG4':i; C'heno and 



I9r-4 ) :ei 



1 tT- 



1 oc 



. rzao 1 i a e-^. al . {I 9 j ) 



.. n : 



125:-^ I) . Tni. s c-cr.sc r'uc:r was t cans i'M^itl ^■ 
■ted n-..man :?-?l cells. 

A t:. 4 r r s pc s t t r- a :z s f e c t i ■ j r , c h e a l c a- t n m-r 
;Sr;7iyed tor aika. lire vr.ospr.az. ise acciviry (Ai'iite e 
iA^9^: Prcc. ..V3rZ. Aca:L 5ci 75^ 94 : 1 9 6 7 - 1 : o62 ) i 
;rear E5 ::A?*e alkaline ^iCjisr-hacase detec::iC'n ^:it (GIor.te'::n, 
^nc.':. A laiae lr.creaae in alkaline lohi'Sr^ha case accivitv 



nq tne 



an won meiliuiTi f" ri'iiL :iani lectec^ cells 



1 omoa r ei: 



:t-ic< tiann-cteo C':?iis , 



■re*:ec a: 



*:he si'iinal sequen'::*E^ oz LlG;4r: 



O IS 



:a:r:c ^ e 



Jll'l'iL Exf jres :5 - ic n is Inouie c; ;iv Lef ^^ijy_ 



- a VI V 



9'BLb ub/ ob miie were injects-c (via the 
::one;..m : I F ' ) > x'itn 19U ui of eicht-r pnos|inaro 
SciiJi'ie ;?&S; ;sham injected) c- r E'BS si]S|i lement e<: 
aa lectin ileotin iniectea) ( F. i H' Sy.;tems Inc., 
is, MN : . Following a 1 '.u" nr trearment, the 



# 



animals were euthanized by CC': asphyxiation, the brains were 
harvested, sliced, and the hypc'thalamus analyzed by in situ 
hytir idi zar ion using a 386 base pair radiolat^eled antisense 
prc't^e to rhe coding regic^n of LIG4 6. CC'iriparat i ve analysis 
'j'f h-y'pc-: nal amic: slices frc-m sham inject ea an^i lep'tin 
inje':ted animals in'iicates mat LIG46 transcript is induced 
m tr.e arcuate nucleus and the vent rc^medial hypC't halamus by 
1 ept i n . 



E.ffe-t jf LlGA^y Antisence 



.^E-jxvn ^cle :'t Lc;es on Feeoinc :f ijh^ese {oo/ch) Male Mice 



^^"^ t^o^' ti\is st ady, a r^nc-sriin'^t nic-ar e-prco ec: eo antisense 
C' li O'ja.E-oxynuc l\^:'t loe ana its resp-ect i ve c<jnt ro 1 sequenc-^ 

ll":e ant 1 sense 
::xynucle :'t^4^.oe targets tne LIG46 sta.r: ttotn mRNA at 
: 3 ^ . \ 

;e: ^' I'Tl' V -i^- 'I'^l IT': Al'A CTC AT' 3' izE^l I J Nij:__; 

3E': ZD 
ve r e i ntii vi dua I iy 
13 n 1 :i Ciit /dar K cycle 
'.-;:.tr. lignt.s off a: i ono j Tat^ wat-:-r ntt^ mt'use thtw diet were 
oLven ad libitum, -lite we^^ a t er et t axi ra 1 1 y implanted with a 

tni ro vent r i c Le 
r-r-itr- to t rd c experiment. 



:.o;/ob C:7yhv3 3 



] o c de :: a n n o ha a i me d, t o 
eDrov^E;ntri tui.E;r ; or^s^ -a 



so t rest moot tn leptin- 
looreafe :o fttti int:;:<.*t w s -t;oieo o\\ oay 3. 
; , :ni CO we ro t rea : od _ nt r i so ret' rt'Vont r i t al a r 1 y tn 
: o t w 1 0 n 1 : a L I G 4 'i .:Ot t i s e :t :e; e 
:y rct;onucl-Eoo ide, 13 ^.-a sense (ctoitrtil) 
■:y r lO'tnuclec't ide c>r 2 ^^1 F.NAse- f i eo water. 
o:o:ovent r loular inject ia:aas were perfc'rrr.ea at i pm 



Cc'Rt rc'l and 'jligodeoxyr ibc-nucleotide pre-treatments were 
f'jllC'Wed by an int raperitc-neal injection of 1 mg/kg leptin 
or phi-sphato-tiuf f ered saline (vehicle) , performed at b pm on 



iod f'j'jo inta'^e was measured each four hoar after 



lojjtin z-r vehicle app^licat i-i-n . The results ~jf this study 
ar^^ sTi'jwn in Fig. 6. The lept in-induced decrease in f jod 
inta,<e was far greater in tne presence of LIG4 6 antisense 
'jLigo- u-i'leotide than LIG4 6 sense nucle-i'tide or PBS ccintrc»l. 

Examole 7: Tne Effect of L1G46 Antisence 



01 iqot^et'xy n uc l O'i't jiiios on Fee a inc of Lean Ma le Mice 
. V A Fc r t^'.is study, a r^h : sc'h t hi a t e-ru'c-t ect eo antisense 
■:o : gL-:;e^. xyn-^'i: it"^ 1 1 O'r and 1 1: = r^esr^ect i ve ct-nt rod sequence 
; ::t=o-or-o: V!:vre e y'nrhes.i zed. Tne ar.l ev.^-o 

:l .:.'^o-io:x\o\o.ZLO':oxoo z^roozz zno lIo4': stare ::soijn m^.^;A at 



:r:ac r o 
\ z a :z z 



'z' :t I c:-A CGC cc 

^ ' ATT A-^T G.To To 



9 



a:a ':tt at ? ' 
ttt l'ga ag : ' 



Ij IJC 



i4 g- ) irii :-e were inai vitiua 1 1 ^' nous-:d in 

' C; ;.2:12 n lj.qht/(iarK cyc^^e with 

Tap' wat'Ei: .5:.n':i n.C'-^se 'thC'W c^iet. weiEe 

■] 

i ^3 

nronit: qi...ide cann.:la simed zo the thir:i ventrii'le 
^ntrace]Orbrc)ven.r r icuiar) one y^e*Ed: ^vidcr t : tni~ exper'inient 

lep't m- 



aiven ad jibituni. Mice were s t e ro'joaxi c 5 1 i y imcdanted with 



fif-Ett :f LIG4^ antisense treatment 



o.:eG r.iecre.^se m f^j'td intake w-iS studieii <tn oo-i 



^tore, mi ::e wer-r treateo mt i-.Eicei'Oijrc^vonr r 1 1 jiariy C'U 
i too ; ' \' J t \z 1 : u Zj -u 1 ■ J 4 a r. t. 1 s o: z\ z' o 

toe:.o:yr i. ooriuc i e jt ide or 2 ,^1 f.NAse-fi'oo watir. 

^^■:"^o ooi 'jverit r i CO i ar m-ietii'jns were p-erf'Simed at F pm 



C jnt rc'l and C'ligode'jxyrib'jnucleot ide pre-treatments were 
followed t'V an intraperitoneal injection of 1 mq/kg leprin 
■:)r phcspLnat e-kiuf f ered saline (vehicle), performed at 5 pm on 
cUy 5 and f'jc-d intak.e was measured each four hour after 
iof'tin or vehicie ap^p iicat ic^n . The results C'f this study 
ar"e snc'wn in Elg. 11. The TIG46 ant i sense-induced decrease 
i.n foC'Ci inr^ke was far greater in the presence o^f ieptin 
tnan t'bS cjntrci. Thus, food intake can be oecreased in 
lean mi oe oy de I'eas i ng LI(346 prc'tein exp>ress ic-n . M-jreciver, 
tnis decrease in food intake is increased when lec'tin is 



a :inLinist ei ed, demons t rating t nar leii't in can 
mice to one effects -of a LIG46 antaco-ni s t . 



ize lean 



. X a mtc e : : o^ n a r a c ten z a 1 1 o ri t 



IG^.^; c[):iA anoi ?r.otei: 



'l :~\o I ^ i i - 1 a- ; 



onxth LIG:c cDXA isolate. 
is\sht'wr; in Figure A. 
ro ah^4 r. : ranie { nu ? i et 



as ces orifc'ed 
TcLS oT'XA has a 
loles 1 - 12 00 of 



SEC: XO::; OEO' 10 NO) : 7 ) wKic^^ onoooo3 a 4C0 amin^o aciai 
orcteon ;OEQ ID NO--:.) . X 



Tn-o LI0;5 i ^ao-lyr-ept i ae seguence 
o-z ^ C'C t. one : a 1 M-ci 1 yco^r• y 1 a t. i o n sit. ^ 
pc;tential C'r-'Ot'Om Kinase C phO'SfN': 
acics o'-i^, :0-77, 0 72-2i:, ^10- 
01; Dote::Lial jasem cin<;ise 11 voC': 



f OEO TO XOc e 
s at amino 5 o i ds 2 02- 

02 0, l--:-2:'7, an 01 

o :o c> r y 1 a. t i O' n s 1 1 o- s at 
100-21-, 1 oi-234. 



^4-^, ana :4:-..:'40; o por tent lal tyro)Oino^ k mo o 
o"">o r y 0.::j.t o>:ri ^ite at amiooo acids 21:-211; }00' 
itlation 5i:o-s at amino aci.ds 0o-7 1, 77 -Oo, 



1 1 C- 121, anc 



^ ^ ; ana a 



ential amidat-iomi sito- at ammo^ aoids 



LIG56 firctein are to similar tc- one or mc-re murine GTP- 
bindinc; ji^r-oteins (Genbank Accession Numbers: L38444; U15636; 
M':^3 6?C; VI ^-119; and U53219). 

LIi:-^56 protein pc^ssesses a GTP-hdnding protein-like 
d'jmam (ammo acids 11 z: 131 of SEm i:i N(j:(?) and an LRG-47- 
1 . Ke dc-main (amine- acids 14-177 of SEQ IL) N(J:6). 

liqjre 5 is a hydr-:^pa txhy ploc C'f LIG56. Felative 
h;/drc'pnol:a .:u cy i s shc'wn abc-ve ::he dotted line, and relative 
hydrc'pnil 1 ■/ is shov;n t-elc-w rihe dotted lirie. 



E-x^'i'ossiC'r 



f LI '1^6 in murine tissue was 
oloz nyLudcii zat ic^n . Anslys is of 

nar LlGbo is e:<:io res s*E-(j at the 



exr:re 



m :\03r: t^illovjoo by : iver, t:\en kione'^', then 
;:letaL musilo, chen spieen. Analysis of L1G56 
m:.rins ;::rain reveal ec: tl^at LlCicb is exp)re3sed 



■:;-am^i- 



( . 



.no., 



least , 



: V r : 



:h^_r : 

^ra:ypy 



r: a : c e 



^ r. '1 e ci. ! . a 1 



a^ 1 'in ana 



irir.lA Cm st ri O'Ct i on o f C lone 



:ne :3 idexcifieo m me 



:roarray oesci-iiC'ed ocovo ra:vealed triat the cla-ne encs'des 
aine Ictp (Genoaaix .-.a 2-^ss la^n Kumber L11444), a T a^ell- 
1 1 oo guanine n-icb:!atide or LjanS'Sr: hate-ka.ndino- pr^jiein 
ill:.. a- at al. (1994: .1. lam; a/: a i . 1 1 4 : 1 7 t 4 - 3 4 ) . 

.C'na :l in murina tisaaa AViS 
a - ...a ..a. a Nc aa ne a a. d 1 ^:)t n v'S'i- 1 d i zat ii^n . An^ 1 \/s r,-. o f 

^::aax.- ola'ts le'^^ealed araat t.nanc 99 is axp^ressed at 
a._:naa^ L^vei m heart fa)i hawed by kidney, then lung and 



xpressica af 



sr:eletal muscle, then liver. Analysis C'f clone 50 
expression in murine brain revealed that clone 50 is 
eMf^ressecl at least in the choroid plexus. 



- E-'-^ amole 11: Characterization and mRNA Pis tri h 'Ution C'f Clone 

4;i ! LRi:;-4 7 ) 

Sequence ans lysis et cl:ne 4 4 identified in the 
n:...ci^:Da r .ray desi-ribeo aoeve revealeci that tne sloTie encodes 
muiin-? Lr,G-47 (Genicsank Accessi^jn McmJC'er dl9119), a ii'riicein 
cliat, 1., ind;^ced by LE'S, I?N--^-, ano IFM-oc? and has some 
ndmol'jgy to CT?-t'inding fno'teins (Sorace er.. al. (iJ^^S) J, 
Lc.Li;::)cv^te Biol . 53 : 4 77- :-4 ) . 



Tne exri-res s ic^n of cl:ne LPC-- 
1 y'zec OS LOG ^Cor*: nein }:cI'jO rc/c-ridi rat i.c 



/ rar^' l\ A 1 n rr.u r i n o tissue 
Analysis of 

tjllo'ood by Kidney, tn-E-n I iv-E ro men 

:":t<KA expressic^n m m^^rine oroir. revealed ~riat Lr.G-4 7 
exioi-essec; a: least in tne ::C'r tex, tr.e h i^jC'Ocanipus , zrie 
cnco-cLd plexus, the medial tabenuclear nucleus, and the 



n :;Tco. na^amu 
': ]:o oa r ci ven 



i.nci joino at 1 eas : : ": . 



, r' 'uat e nu^ 



1 .:: I . 



■ ^ L X - i ^ : i 



:rLi ■:• a e r c: i n ] e ^ e d (If) v i 1 1 1 : : \; i o f 
r'b^> 3upp lemenced wi^:n IjO ..a iec't i.n i^.&.o 
ysteiris ixL.:.;. After i' mm, me .;:;nimais were e::.t h.::^n r zee by 
7, aspnyxictt ion, tdie brains harvested, ^'lice^d, and trie 
yput. halamus analyzed t'y m-situ h;^x I'ldizaticoi usrn^ a 762 
::S'? C'^^ir r a d i 1 abe l^ad fintisense poz'^be aaamst soquences in 



.. e a r e q 1 



)l the LRG-4 / transcript 



C'jnipar ative analysis of hypothalamic slices from sham 
injecting and leptin injected animals indicates that the 
Lr.G-47 transciipt is induced in the arcuate nu^rleus by 
levtm, cieni jnst rat ing that che LRG-47 transcri^i-t is a 
lep'tm-in-ducea gene in vivo. 

Example 1?: Cnarac t eriz at i on and mFlJA Distribution of Clone 
10 (R ClO-11) 

Sequence analysis C'f clone 10 identified m the 
micrc'array oes::ribea abc-ve revealed that the chi-ne encc'des 
murine RC:1j-II ioenl:^ank Accession i^jumlcer D21800), a sut)unit 
o: ::he 2 J.: rc':.e aS'jiTie f rac emt^r y^i^n ic h^rain (Misnimura et 
a:. FEES Lett, ::6:4o2-oo). Ir has been sugoesred 

^/^c:.: :! is a o c t.>:' as i^ma I .r^t'ur.^t that is r'=-quir-ed fi-r 

expres ^.L.:r-.. .af aiyiaai:: -at ivi ( K ish;i:iL-^ra et ai., supra), 

lr.e ex^aresaicn af chane 12 mr:NA in mui'ine tissue was 
■ analyzed usinq- K^'itnern bl-jt ny;ar loa z at i on . Analysis a^f 
aoaai ■:.issue ;aba:s reveEii.e^:x chat clc'ne 10 as exr-ressea aa 



' ^1 n 



d in nea ra, liver, skeleaal muscle, ano 



-^^ea^ay, :ai:av;ed by iar::;in, lunu, arua testis. r-aa 1 y s a s ot 
-^^one la mrl\A ex:ares.:. ac n in ma. a ana ijrain re^vealea; tnat a' lone 
1^^ as ao:pressed at. least in tne cartox, hif>pa ■ac:.mpu5 , 
riUiaenular nucleus, anal amu;, and nyja at halamus ;includinq the 
/iacuate riucleus ar.d ven t ra^meal 1 a 1 ny^:U'r ha lamus ) . 

axamp le 14: Characae a a a 5 1 i a-n a nd mFl 'A Cu st r iic^u a ion a>f 2' 1 a ne 
a 7 ^2lA.aA2a_ 

2-quence a:\aiy^is of chine 67 laientifiea in trie 

■ :u.il ' '^nbarik AaMessiin Numiiau- AFOl lilS;/ ra'tmoic ai'id- 
;au-''lr2..r he J : x-loop-nelix r^raaem (t-iudielal et al. (12a7) 



Genes Dev. 11:2052-65). Stral3 may act as a repressor of 
activated transcription and is thought to play a role in 
neurc-nal differentiation {Boudjelal et al., supra). 

The expressic-n of clone 67 mRNA in murine tissue was 
anal >'2ed using Northern blot hyt-r idization . Analysis of 
total r issue o] jts revealed that clone IC: is expressed at 
tne r.ii^nest Ie\'el in liver fc'llc-wed oy heart, then skeletal 
m-iscle, :.hen oram, tnen kidney. Analysis of clone o7 mP.NA 
express I'jn in murine iciiain revealed that clc>ne 67 is 
expressed at least in the cc^rtex, nippocamp-us (CAl, '::A2 and 
dentaoe gyrus) , lateral thalamus, hypc^r ha lanius (arcuate 
nucleus ) . 



x<dmt' 



]tral3 IS Induieo tiy Lectin m vivo 



^ ^ V 



b! ol^ mice ^ere injected IF' with IcC ul cf 
cc'Ei PBS cu- IBS su^:'t'lemen: ed witn 101 ug lef'tm (^.■•>c 
sc-xts, Inc.;. Afcer ':>0 itin, tlie animals wei'e cithanized 
CC: aspnyxiat: ion , the brains harx^esred, sliced, and the 
pothalamus arialyzeci by in siti; nylir idizat i-m using :'28 
se pair radi^: lal:>elea anci sense p'ribe against sequences in 
e V uct ransla t e;:i re(5icn cf the lFG-47 transcript, 
mparative analysis cf nyr c una lam 1 1 slices f i cm snair. 
"i"^vtea arc:: lectin iCj^E'CCed animals inilicat.es tnac tne 
tal:' transcript is incuced m the ariuate nucleas b^' 
ptir":, rcutp'cr 1 rnq tne claim that the Small transcript is c 
pt .ic- ixcaceo cene in vivi. 



- lO'l - 




E' :fui valent s 

Those skilled in the art will recognize, or be able 
tc: ascertain using no more than routine experimentation, 
many equivalents to the specific embodiments of the 
inventiiDn described herein. Such equivalents are intended 
lo be encompassed by the fc>llowing claims. 

Wnat is claimed is; 



